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DESCRIPTION 



OPTICAL SCANNING PROBE SYSTEM 



TECHNICAL FIELD 

This invention relates to an optical scanning probe 
system with which different types of optical scanning 
probes are connected according to the site to be examined, 
optical scanning is performed according to the probe that 
is connected, and optical image information is obtained. 

BACKGROUND ART 



Optical scanning probe devices have been developed in 
recent years with which optical information about an 
examination site is obtained by transmitting light 
generated by a light source device through an optical fiber, 
emitting this light from the tip of the optical fiber and 
Shining it on the examination site, and scanning the focal 
position back and forth. 

A conventional example of this is U.S. Patent 
5,120,953. 

This conventional example discloses an endoscope that 
gives an enlarged view of the tissue at the examination 
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site. This conventional example also discloses the 
technique of scanning the tip of an optical fiber with an 
actuator, and scanning the focal point with a condensing 
lens disposed in front of this actuator. The scanning of a 
focal point with a scanning mirror has also been disclosed 
in U.S. Patent 5,742,419. 

However, when optical fiber scanning is performed by 
scanning the optical fiber tip end with respect to the lens, 
the optical fiber, which is disposed along the optical axis 
of the lens, deviates from this optical axis, making it 
difficult to achieve high resolution. 

Accordingly, the present applicant proposed an optical 
fiber and (object) lens scanning type of optical scanning 
probe with which the (object) lens is scanned along with 
the optical fiber tip in such a case. 

With this type, the optical fiber tip disposed along 
the optical axis of the lens does not deviate in its 
relative position from the lens when scanned, so in 
principle the aperture number can be larger and higher 
resolution is possible. 

On the other hand, because optical fiber and lens 
scanning requires the scanning of both the optical fiber 
tip and the lens with an optical fiber and lens scanning 
type of optical scanning probe, an optical fiber scanning 
type is advantageous in that faster scanning is possible. 
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Accordingly, when this apparatus is used inside the 
body, for example, if an optical fiber scanning type can be 
used if the site being observed is one that moves/ such as 
the heart, and if an optical fiber and lens scanning type, 
which affords higher resolution, can be used if the site 
being observed does not move, then the resulting system 
will be extremely convenient. 

The present invention was conceived in light of the 
above situation, and it is an object thereof to provide an 
optical scanning probe system with which it is possible to 
use the optical scanning probe best suited to the site 
being examined. 

Another object is to provide an optical scanning probe 
with which higher resolution can be obtained. 

DISCLOSU RE OF THB INVENTTtm 

The optical scanning probe system of the present 
invention comprises: 

a plurality of types of mounting means (119, 122) for 
mounting optical scanning probes ( 112A, 112B), at least one 
of which is detachable, having scanning means (16a, 16c, 
16b) for scanning an examination site with the focal point 
of observation light emitted by a light source device 
(113); 
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recognition means (131) for recognizing the type of 
optical scanning probe mounted to the mounting means (119); 
and 

control means (130) for controlling the scanning means 
(16a, 16c, 16b) in the optical scanning probe according to 
the optical scanning probe recognized by the recognition 
means (131), 

and therefore the optical scanning probe best suited 
to the site being examined can be mounted and used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 11 pertain to a first embodiment of the 
present invention; 

Fig. 1 is a block diagram of the overall optical probe 
system in the first embodiment; 

Fig. 2 is a cross section of the structure of an 
optical fiber and object lens scanning type of optical 
probe ; 

Fig. 3 is a perspective view of the optical unit 
portion in Fig. 2; 

Fig. 4 jLs a cross section of the structure of an 
optical fiber scanning type of optical probe; 

Fig. v 5_Ls a diagram of the structure of the light 
source unit; 
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Fig. 6 is a block diagram of the structure of the 
imaging device; 

Figs. 7A to 7D are diagrams of how biological tissue 
is examinee!; 

Fig. 8 is a diagram of the operation of sampling and 
imaging only in one direction when the scanner is scanned 
back and forth; 

Figs. 9A to 9C illustrate the operation of sampling 
with aperiodic pulses; 

Fig. 10 is a flow chart of the operation of line 
interpolation; 

Fig. 11 is a flow chart of scanning including line 
interpolation ; 

Figs . _l£A ^to 1 9 pertain to a second embodiment of the 
present invention ; 

Figs. 12A to 12C illustrate, for example, the step of 
assembling the optical probe in the second embodiment, and 
Fig. 12D illustrates the structure with a bimorph type; 

Fig.^l3^is a perspective view of the scanner portion 
in an optical fiber and object lens scanning type of 
optical probe; 

Fig. J^is a perspective view of the scanner portion 
in an optical fiber scanning type of optical probe; 

Fig. ^15^jLs a cross section of the structure of an 
optical fiber scanning type of optical probe; 
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Fig. 16 illustrates , for example, the spring material 
in a first variation example; 

Fig. ^^illustrates , for example, the spring material 
in a second variation example; 

Figs. 18A and 18B illustrate, for example, the spring 
material in a third variation example; 

Fig. ^19^ is a cross section of the structure on the tip 
end of an optical fiber scanning type of optical probe; 

Fig. ^20_is a cross section of the structure on the tip 
end of an optical probe in a third embodiment of the 
present invention; 

Fig. 21 is a cross section of the structure on the tip 
end of an optical probe in a fourth embodiment of the 
present invention; 

Fig. 22 is a cross section of the structure on the tip 
end of an optical probe in a fifth embodiment of the 
present invention; 

Figs. 23 to 2 5 pertain to a sixth embodiment of the 
present invention ; 

Fig . _23_ is a block diagram of the structure of an 
imaging device in the sixth embodiment; 

Fig._24A is a graph of hysteresis characteristics in 
which the displacement of a piezoelectric element with 
respect to an applied voltage varies from the forward path 
to the backward path, and Fig. 24B is a table listing 



tf™ti <r*«« me ,**r fir w a»"i, 'ja> sr»t/ :m 



correction coefficients for correcting the hysteresis 
characteristics ; 

Fig. 25 is a flow chart of the operation of correcting 
and imaging the hysteresis characteristics using the table 
in Fig. 24 ; 

Figs, 26 to 32 pertain to a seventh embodiment of the 
present invention; 

Fig. 26 is a perspective view of the optical unit in 
the seventh embodiment; 

Fig. 27^xs a block diagram of the structure of the 
main components of a control circuit; 

Fig. ^28^ is a block diagram of the structure of an X 
drive circuit; 

Figs. 29A to 29D illustrate the action of correcting 
the waveform of a drive signal using the output of a strain 
sensor; 

Fig. 30 is a perspective view of the optical unit in a 
first variation example; 

Fig. 31 is a perspective view of the optical unit in a 
second variation example; 

Fig. ^32^ is a perspective view of the optical unit in a 
third variation example; 

Fig .^33^ is a cross section of the structure of the 
optical probe in an eighth embodiment of the present 
invention; 
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Fig, 34 is a cross section of the structure of the 
optical probe in an ninth embodiment of the present 
invention; 

Fig. 35 is a cross section of a state in which the 
optical probe in a variation example of the ninth 
embodiment has been inserted into an endoscope; 

Figs. 36 to 38 pertain to a tenth embodiment of the 
present invention; 

Fig. 36 is a perspective view of the structure of the 
optical unit in the tenth embodiment; 

Fig. 37 is a cross section of the structure on the tip 
end of the optical probe in a variation example; 

Fig. 38 is a cross section viewed from a direction 
perpendicular to that in Fig. 37; 

Figs. 39 to 44 pertain to an eleventh embodiment of 
the present invention; 

Fig. 39 is an overall structural diagram of the 
optical scanning microscope in the eleventh embodiment; 

Fig. 40 is a cross section of the structure of the tip 
of the optical probe; 

Fig. 41 is a perspective view of the structure of the 
optical unit provided to the tip; 

Fig. ^42 is a block diagram of the structure of the 
controller; 
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Fig. 43 i s a diagram of how the scanning surface is 
optically scanned; 

Fig. 44 is a perspective view of the tip of an 
endoscope when the optical probe has been inserted; 

Figs. 45 and 46 pertain to a twelfth embodiment of the 
present invention; 

Fig. 45 is a cross section of the structure of the tip 
of the optical probe in the twelfth embodiment; 

Fig. 46 is a perspective view of the structure of the 
optical unit provided to the tip; 

Fig. 47 is a perspective view of the structure of the 
optical unit provided to the tip of the optical probe in a 
thirteenth embodiment of the present invention; 

Figs. 48 and 49 pertain to a fourteenth embodiment of 
the present invention; 

Fig. 48 i s a cross section of the structure of the tip 
of the optical probe in the fourteenth embodiment; 

Fig. 49 is a perspective view of the structure of the 
optical unit provided to the tip; 

Figs. 50 to 53 pertain to a fifteenth embodiment of 
the present invention; 

Fig. 50 i s an overall structural diagram of the 
optical scanning microscope in the fifteenth embodiment; 

Fig. ^51^ is a cross section of the structure of the tip 
of the optical probe; 
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Fig. 52 is a perspective view of the structure of the 
optical unit provided to the tip; 

Fig. 53 is a cross section of a scanning mechanism for 
scanning the permanent magnet peripheral portion in Fig. 50 
in the X and Y directions; and 

Figs. 54A to 54 c: illustrate the scanning operation for 
imaging in prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 

First Embodiment 

The optical probe system in the first embodiment of 
the present invention will now be described through 
reference to Figs. 1 to 11. 

In this embodiment/ the object is to provide a system 
with which optical probes of different scanning types can 
be selectively used so as to obtain an observation image 
suited to the examination site. 

In specific terms, when an organ near the heart is to 
be observed, for instance, an observation image that is not 
greatly affected by the movement of the heart (that is, one 
with little blurring) can be obtained by using an optical 
fiber scanning type of optical probe which affords higher 
scanning speed. When an organ that is distant from the 
heart and therefore moves very little is to be observed, an 
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image of higher resolution can be obtained by using an 
optical fiber and lens scanning type of optical probe. 

The optical probe system 111 shown in Fig. 1 comprises 
an optical fiber and object lens integrated scanning type 
of optical probe (hereinafter referred to as an integrated 
scanning type of optical probe) 112A, an optical fiber 
scanning type of optical probe 112B, a light source unit 
113 that is detachably connected to either of these optical 
probes 112A and 112B and thereby supplies light to the 
optical probe 1121 (I = A or B) and detects optical 
information from the optical probe 1121 and outputs it as 
an electrical signal , a control device 114 that drives the 
optical unit (the inside scanner) of the optical probe 1121, 
an imaging device 115 that performs imaging processing in 
which an image is obtained from the signal coming from the 
light source unit 113, a monitor 116 that displays the 
image signal from the imaging device 115, and an external 
clock signal generator 117 that generates clock signals 
that serve both as a reference for the drive waveform at 
which the scanner is driven, and as a reference in image 
processing. 

The optical probe 1121 has an electrical connector 
118a provided on the side of a connector 118 at the rear 
end of the optical probe 1121, and this electrical 
connector 118a is detachably connected to a connector 121 
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of an electrical cable 120 extending from a connector 119 
of the control device 114. 

The connector 118, to which is fixed the rear end of 
an optical fiber 6b (see Figs, 2 and 4) built into the 
optical probe 1121, is detachably connected to a connector 
122 of the light source unit 113. The control device 114 
is electrically connected to the imaging device 115 via a 
signal line 115b. 

The imaging device 115 is electrically connected to 
the light source unit 113 via a signal line 115a. The 
imaging device 115 is electrically connected to the monitor 
116 via a signal line 115d. The imaging device 115 is also 
electrically connected to the external clock signal 
generator 117 via a signal line 115c. 

The light source unit 113 has a laser diode 
(hereinafter referred to as LD) 123 that serves as a light 
source, a photomultiplier (hereinafter referred to as PMT) 
unit 124 that detects and multiplies weak optical signals 
at high sensitivity, and a four-terminal coupler 125. The 
light source unit 113 is further provided with the 
connector 122 connected to the connector 118, a connector 
126 connected to the signal line 115a, and a connector 129 
connected to signal lines 127a and 128a of drive power 
supplies 127 and 128. 
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In this light source unit 113, the four-terminal 
coupler 125 has four terminals 125a, 125b, 125c, and 125d, 
with the terminal 125a being optically connected to the 
optical fiber 6b, and the terminal 125b optically connected 
to the LD 123. The terminal 125c is terminated by an 
optical fiber terminal 125h, and the terminal 125d is 
optically connected to the PMT unit 124. 

Part of the light coming in through the terminals 125a 
and 125c is diverted to the terminals 125b and 125d, and 
conversely, part of the light coming in through the 
terminals 125b and 125d is diverted to the terminals 125a 
and 125c. 

The PMT unit 124 is electrically connected to the 
connector 126 via a signal line 124b. The PMT unit 124 is 
also electrically connected to the drive power supplies 12 7 
and 128 via the drive signal lines 127a and 128a and the 
connector 129, to which signal lines 124c and 124d are 
connected. 

The control device 114 is equipped with a control 
circuit 130 having a built-in X drive circuit 148 and Y 
drive circuit 149 for two-dimensionally driving the scanner, 
and an identification circuit (recognition circuit) 131 
that identifies (at least recognizes) the connected optical 
probe 1121. 
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The control circuit 130 is electrically connected to a 
connector 132 connected to the signal line 115b via a 
signal line 130a. This control circuit 130 takes in clock 
signals inputted from the connector 132 via the signal line 
130a and either inputs these clock signals directly to the 
X drive circuit 148 and Y drive circuit 149 via a contact b 
of a switch SW, or inputs the clock signals via a contact a 
of the switch SW after the clock signals have undergone 
frequency division by a frequency dividing circuit 14 7, 
producing X drive signals and Y drive signals synchronized 
to the clock signals or frequency-divided clock signals, 
which can be outputted from the connector 119 to the 
optical probe 1121 side via a signal line 130b. 

The identification circuit 131 identifies the 
connected optical probe 1121 as being the optical probe 
112A or 112B based on whether a resistor R is connected to 
the electrical connector 118a as shown in Figs. 2 and 4, an 
identification signal is applied to a selection switch SW 
via a signal line 131a, and contact a or b is selected. 

For example, contact a is switched ON if the probe is 
identified as 112A, whereas contact b is switched ON if the 
probe is identified as 112B. When contact b is ON, the 
frame rate (the number of images obtained per second) is 
set to 30 Hz, and when contact a is set to be ON, clock 
signals are frequency-divided by the frequency dividing 
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circuit 147 to 1/6, for example, in which case the frame 
rate is set to 5 Hz. 

In other words, in the case of the probe 112B, an 
image with little blurring can be obtained even at 
examination sites where there is movement by scanning two- 
dimensionally at high speed, and in the case of the probe 
112A, an image of high resolution can be obtained by 
scanning two-dimensionally at low speed. 

The imaging device 115 is a device that produces 
imaging signals, and is equipped with a connector 135 
connected to the signal line 115a, a connector 136 
connected to the signal lines 115b and 115c, and a 
connector 134 connected to the signal line 115d. 

The imaging device 115 is electrically connected to 
the control device 114 via the signal line 115b, and clock 
signals, for instance, can be transmitted to the control 
device 114. Clock signals that serve as a reference for 
the drive waveform at which the scanner is driven are 
inputted via the signal line 115c to the connector 136 of 
the imaging device 115. 

The imaging device 115 is also electrically connected 
to the PMT unit 124 of the light source unit 113 via the 
signal line 115a, etc., and produces image signals from the 
output signals of the PMT unit 124. 
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The structure of the optical probe 112A will now be 
described through reference to Figs. 2 and 3. 

As shown in Fig. 2, the optical probe 112A is such 
that the distal end of a flexible tube 8 is fastened in a 
circular shape to a rigid optical frame 10 to form a tip 
component 9, and an optical unit 11G that performs two- 
dimensional scanning of light and a (transparent and rigid) 
tip cover unit 12 that serves as a transparent window which 
is pressed against the examination site at the tip of the 
optical frame 10 are attached on the inside of this optical 
frame 10 . 

The slender optical fiber 6b inserted into the 
flexible tube 8 is fixed at its rear end through the center 
hole of the connector 118, while the tip end of the optical 
fiber 6b is inserted into a hole formed along the center of 
a rigid base 14 that forms the optical unit 11G, and fixed 
with an adhesive 2 7 (such as at the rear end thereof). 

This optical fiber 6b emits transmitted light from its 
tip component (end component) 20, this emitted light is 
condensed and directed at the examination site through an 
optical scanning mechanism (scanner), and the reflected 
light from the examination site (return light) is received 
by this optical fiber 6b. 
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The optical unit 11G portion shown in cross section in 
Fig. 2 is shown in detail in the perspective view of Fig. 3. 
This optical unit 11G has the following structure. 

The optical probe 112A shown in Fig. 2 has the optical 
unit 11G at its tip. 

The base 14 of the optical unit 11G is fixed to the 
optical frame 10. The base 14 is designed to be heavier 
than a lens holder 17 and object lens 18 (discussed below) 
so that it will stay in place better. The tip end of the 
optical fiber 6b is inserted in a center hole of the base 
14, and part of the optical fiber 6b near the tip is fixed 
at the rear end of the base 14. 

Two sets of parallel thin plates 15a, 15b, 15c, and 
15d are fixed at the rear end to the base 14. More 
specifically, the thin plates 15a and 15c and the thin 
plates 15b and 15d, which constitute parallel flat springs, 
are parallel to each other in their plate planes, 
respectively, the thin plate 15a (or 15c) is disposed such 
that its plate plane is perpendicular to that of the thin 
plate 15b (or 15d), the rear end of each plate is fixed to 
the base 14, and the distal end (as opposed to the rear 
end) is capable of elastic deformation up and down and to 
the left and right. 

Each thin plate 15i (i=a, b, c, ord) has mounted to 
it, at a location near the front of the thin plate 15i, a 
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piezoelectric element 16i (16d is not shown) in the form of 
a plate polarized in the thickness direction. Each 
piezoelectric element 16i is a unimorph piezoelectric 
element. The electrodes on either side of each 
piezoelectric element 16i are each connected to two cables 
19 for driving these piezoelectric elements 16i. These 
cables 19 are passed through insertion holes 14a formed 
near the top and bottom and right and left of the base, and 
are fixed near their rear end with an adhesive 28 and then 
passed through the inside of the tube 8 until they reach 
the contact of the electrical connector 118a. These cables 
19 are then connected to the control circuit 130. 

The lens holder 17 is adhesively fixed to the distal 
ends of the four thin plates 15i, and to this lens holder 
17 are fixed the object lens 18 (which serves as a 
condensing optical system) and the tip component of the 
optical fiber 6b (which serves as a light transmission 
means), that is, the optical fiber tip 20. This lens 
holder 17 has a frame for attaching the object lens 18, and 
a frame extension that extends conically from this frame 
toward the rear, and the optical fiber tip 20 is fixed by 
being press-fitted into a small hole provided at the apex 
of this frame extension, which is located on the optical 
axis O of the object lens 18 (the optical fiber tip 
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component (optical fiber end component) 20 is disposed on 
the optical axis O of the object lens 18). 

When a drive signal is applied to the piezoelectric 
element 16i, the combination of the plate-shaped 
piezoelectric element 16i and the thin plate 15i deforms 
such that the tip end thereof bends perpendicularly to the 
plate plane with respect to the rear end, the lens holder 
17 held at the tip is designed to be able to move in the 
direction of the bending caused by this deformation, and 
the object lens 18 and the optical fiber tip 20 held by the 
lens holder 17 both move, allowing the emitted light to be 
scanned . 

Here, the spreading emitted light is condensed by the 
object lens 18 using the extremely slender optical fiber 
tip 2 0 as the focal point, with the light being emitted so 
as to be focused at the position of a focal point 21 on the 
examination site side. 

The focal point 21 is scanned in the horizontal 
direction (X direction) 22 and the vertical direction (Y 
direction) 23 in Fig. 2 by driving the piezoelectric 
elements 16a, 16b, 16c, and 16d, allowing the scanning 
plane 24 including the focal point 21 to be scanned. This 
scanning plane 24 is substantially perpendicular to the 
axial direction of the optical probe 112A. 
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The object lens 18 is one with a numerical aperture of 
at least 0.3, for example. 

As can be seen from Fig. 2, the cables 19 driving the 
piezoelectric elements 16a, 16b, 16c, and 16d are inserted 
into upper/lower and left/right insertion holes 14a that 
are off-center with respect to the optical fiber 6b 
inserted into and fixed in the center hole of the base 14, 
and a separation component or barrier component 14b is 
formed in which these pairs of insertion holes 14a are 
separated by the base 14. The cables 19 are kept from 
coming into contact with the optical fiber 6b at their tip 
ends . 

Meanwhile, the tip cover unit 12 consists of a cover 
holder 2 5 and a cover glass 26 fixed to this cover holder 
25. The cover holder 25 is fixed to the distal end of the 
optical frame 10. The construction here is such that the 
probe tip component 9 is sealed. 

Fig. 4 shows the structure of the fiber scanning type 
of optical probe 112B. This optical probe 112B employs an 
optical unit 11H that is different from the optical unit 
11G of the optical probe 112A in Fig. 2. 

With the optical unit 11G in Fig. 2, the object lens 
18 was attached via the lens holder 17 to the tip of the 
movable thin plate 15i, but with this optical unit 11H, the 
object lens 18 is attached to the optical frame 10 and is 
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immovable, with only the optical fiber 6b side being 
movable. 

As shown in Fig. 4, with the optical unit 11H provided 
to the tip component 9 of this optical probe 112B, the 
object lens 18 is fixed to the optical frame 10 by a ring- 
shaped lens holder 17 1 on the inside near the cover glass 
26. 

The tip 2 0 of the optical fiber 6b, which is mounted 
by an adhesive 27 at the rear end of the base 14 along the 
optical axis O of the object lens 18, and extends forward 
from the base 14, is press-fitted into and fixed in the 
center hole of a fiber holder 29. The square outer surface 
of this fiber holder 2 9 is fastened to the tip of the thin 
plate 15i just as with the lens holder 17 in Fig. 2. 

Also, the resistor R was connected to the electrical 
connector 118a with the optical probe 112A in Fig. 2, but 
no resistor is connected with this optical probe 112B, 
resulting in an open state. 

The rest of the structure is the same as in Fig. 2, 
and those structural components that are the same are 
labeled the same and will not be described again. 

Fig. 5 shows the structure of the light source unit 

113. 

The light source unit 113 has the LD 12 3 and the PMT 
unit 124. The four-terminal coupler 124 comprises a 
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connector 151, a photomultiplier tube (hereinafter referred 
to as PMT) 152, and a head amplifier 153. The PMT 152 is 
an element that converts optical signals into electrical 
signals, and the converted electrical signals are outputted 
to the head amplifier 153. The head amplifier 153 
amplifies the electrical signals from the PMT 152 and 
outputs them to the connector 126. 

With this light source unit 113, as shown in Fig. 1, 
the laser light generated by the LD 12 3 is transmitted to 
the optical probe 1121 via the terminal 125b, the coupler 
125, the terminal 125a, and the connector 12 2, and the 
examination site is optically scanned by the scanner in the 
optical probe 1121. 

The optical signal reflected from the examination site 
during scanning by the scanner mechanism in the optical 
probe 1121 is transmitted to the PMT 152 via the optical 
fiber 6b, the connector 122, the terminal 125a, the coupler 
125, the terminal 125d, and the connector 151. The PMT 152 
converts this optical signal into an electrical signal, 
this converted electrical signal is transmitted to the head 
amplifier 153, and the head amplifier 153 amplifies the 
inputted signal. This amplified electrical signal is sent 
to the imaging device 115 via the signal line 124b, the 
connector 126, the signal line 115a, and the connector 135. 
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The signal line 115a is a multiple line, of which a 
signal line 115a-l is used to transmit the above-mentioned 
electrical signal, while a signal line 115a-2 and a signal 
line 124c-2 are used to transmit a control signal 
controlling the sensitivity of the PMT 152 from the imaging 
device 115. 

The structure of the imaging device 115 will be 
described through reference to Fig. 6. 

The imaging device 115 has an A/D converter 140 that 
performs A/D conversion, a frame memory 141 that stores one 
frame of imaging signal, a main memory 142 used for such 
purposes as temporarily storing an imaging signal, a CPU 
143 that controls the imaging, an I/O port 144 used for the 
input and output of signals, and a hard disk device 150 
that contains the operating software for the CPU 143 and so 
forth. Except for the A/D converter 14 0, these components 
are connected to each other via an address bus 145 and a 
data bus 146. 

Clock signals from the external clock signal generator 
117 are applied to the various components that require 
clock signals, such as the I/O port 144, and these clock 
signals are also supplied to the control device 114 side 
via the signal line 115b and used in the production of 
drive signals for the scanner mechanism as discussed above. 
The drive signals from the X drive circuit 148 and Y drive 
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circuit 149 are applied to the piezoelectric elements 16a, 
16b, 16c, and 16d that make up the scanner mechanism, the 
piezoelectric elements 16b and 16d are vibrated in the X 
direction and the piezoelectric elements 16a and 16c in the 
Y direction, and light is scanned in the vibration 
directions . 

The operation of this imaging device 115 will now be 
described. 

The clock signals inputted to the imaging device 115 
are sent to the control device 114 side, the X drive 
signals and Y drive signals produced by the X drive circuit 
148 and Y drive circuit 149, respectively, are applied to 
the scanner of the optical probe 1121, and the light 
emitted from the scanner is two-dimensionally scanned on 
the examination site side in the X and Y directions. The 
returning light is received at the tip face of the optical 
fiber 6b, goes through the PMT unit 124 of the light source 
unit 113, and is inputted to the A/D converter 140 of the 
imaging device 115. 

The A/D converter 140 receives the electrical signals 
inputted through a signal line 140a, subjects them to A/D 
conversion, and outputs digital signals. 

These digital signals are stored as data one line at a 
time in the frame memory 141. 
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The data stored in the frame memory 141 is written by 
the CPU 143 to the main memory 142 via the I/O port 144. 
Specif ically, as shown in Fig. 6, the CPU 143 specifies a 
data address through the address bus 145 to the frame 
memory 141 via a control line 143a, the I/O port 144, and a 
control line 144a. 

The specified address data is controlled so as to be 
stored in the main memory 142 through the I/O port 144 and 
the data bus 146. Meanwhile, the read-out of the data 
stored in the main memory 142 is controlled via the control 
line 143a so that the address data specified by the CPU 143 
via the address bus 145 is transferred to the I/O port 144 
via the data bus 146. 

This data is then converted into an analog signal by a 
D/A converter (not shown) in the I/O port 144, becoming a 
video signal which is sent through the control line 144a to 
the monitor 116 and displayed as an image. 

The storage of data in the frame memory 141 is carried 
out in parallel with the reading of data from the frame 
memory 141. The CPU 143 performs all control and 
computational processing within the imaging device 115 
other than the above-mentioned transfer of data. 

Of the two-dimensional scanning done by the scanner, 
scanning in the X direction is carried out by resonant 
drive using a sine wave with a frequency of a few kilohertz 
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Scanning in the Y direction, meanwhile, is driven at a 
frequency of from a few hertz to several tens of hertz. 
More specifically, in the case of the optical probe 112B, 
the frequency of scanning in the Y direction is set at 30 
Hz so as to be compatible with the frame rate of standard 
television signals, whereas in the case of the optical 
probe 112A, the frequency of scanning in the Y direction is 
about 5 Hz, for example. 

The operation of the optical probe system 111 
structured as above will now be described. 

When an organ or other site near the heart is to be 
observed, the optical probe 112B is connected to the light 
source unit 113 and the control device 114. 

On the other hand, when an organ or other site that is 
further away from the heart and therefore moves very little 
is to be observed, the optical probe 112A is connected 
instead. The connected optical probe 1121 is identified by 
the identification circuit 131, external clock signals of a 
frequency suited to the identified optical probe 1121 are 
inputted to the X drive circuit 148 and Y drive circuit 149, 
and X drive signals and Y drive signals are produced in 
synchronization with these clock signals. 

For instance, when the optical probe 112B is used, the 
X and Y drive signals are set to have a higher frequency 
than when the optical probe 112A is used, which allows an 
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image to be obtained that is not affected as much by 
movement. Conversely, when the optical probe 112A is used, 
it is driven by X and Y drive signals of a lower frequency 
than when the optical probe 112B is used, in which case 
imaging is performed at the same clock timing as with the 
optical probe 112B on the imaging device 115 side, allowing 
an image of high resolution to be obtained. 

The probe tip component 9 is then pressed against the 
area to be examined. There will be very little blurring of 
the image here since the examination site is fixed by the 
tip component 9. 

Figs. 7A to 7D show how the probe can be pressed 
against a mucous membrane 30 for observation. Fig. 7A 
depicts an observation with the axial direction of the 
optical probe 1121 perpendicular to the plane of the mucous 
membrane 30, while Fig. 7B depicts an observation with the 
tip face of the optical probe 1121 pressed into the mucous 
membrane 30. 

In Fig. 7B, pressing the tip face of the optical probe 
1121 into the mucous membrane 30 stretches the mucous 
membrane 30 at the portion where the probe is pressed, 
making the mucous membrane 30 thinner at this portion, 
putting the focal point 21 (the resulting observation plane 
Sf (or scanning plane 24)) relatively deep into the mucous 
membrane 30, and allowing this deeper location to be 



27 



u Q "3 to a *» u tea u o cj jl 



observed. In other words, the depth of observation can be 
adjusted by adjusting the force with which the examination 
site is pressed. 

Figs . 7C and 7D depicts an observation in which the 
axial direction of the optical probe 1121 in the case of 
Figs . 7A and 7B is tilted in different directions from the 
direction perpendicular to the plane of the mucous membrane 
30. The angle of the observation plane Sf can be adjusted 
by adjusting the angle at which the probe is pressed 
against the site. 

Next, the operation of directing laser light at the 
optical fiber 6b of the optical probe 1121 and performing 
scanning with the scanner of the optical unit 11G or 11H 
will be described. 

The laser light incident at the/rear end of the 
optical fiber 6b is spread out aiyr emitted such that the 
optical fiber tip 20 is the foo*al point, after which the 
light is condensed by the object lens 18 and transmitted 
through a cover glass 2 2 , /after which the focal point 21 is 
focused on the examination site. 

The light reflected from the focal point 21 travels 
the same optical path as the incident light, and is again 
incident on the optical fiber 6b at the optical fiber tip 
20. In other words, the optical fiber tip 2 0 and the focal 
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point 21 of the examination site are in a confocal 
relationship with respect to the object lens 18. 

The reflected light that is not at this focal point 21 
cannot travel the same optical path as the incident light , 
and therefore virtually none of it is incident on the fiber 
of the optical fiber tip 20. Therefore, the optical probe 
1121 forms a confocal optical system. 

The piezoelectric elements 16b and 16d are driven by 
the X drive circuit 148 in this state. The operation of 
the piezoelectric elements 16i will be described here. 

The thickness of the piezoelectric elements 16i 
changes when voltage is applied to them. The thickness 
increases when a positive voltage is applied to the 
piezoelectric elements 16i, which is accompanied by 
contraction of the piezoelectric elements 16i in the 
lengthwise direction. Because the piezoelectric elements 
16i are bonded to thin plates 15i whose length does not 
change at this point, there is an overall deformation 
involving curvature toward the piezoelectric elements 16i. 

Conversely, the thickness decreases when a negative 
voltage is applied to the piezoelectric elements 16i, which 
is accompanied by expansion of the piezoelectric elements 
16i in the lengthwise direction. Because the piezoelectric 
elements 16i are bonded to thin plates 15i whose length 
does not change, there is an overall deformation involving 
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curvature toward the thin plates 15i. If drive signals of 
different polarity are applied to the two opposing 
piezoelectric elements 16b and 16d such that one is 
deformed toward the piezoelectric element and one toward 
the thin plate, these piezoelectric elements will be 
deformed in the same direction as the horizontal direction 
22. 

In the case of the optical probe 112A, when 
alternating current of opposite polarity is applied to the 
piezoelectric elements 16b and 16d, the lens holder 17 
vibrates, this causes the object lens 18 and the optical 
fiber tip 20 to move, and the position of the focal point 
21 of the laser light is scanned in the X direction 22 of 
the scanning plane 24 (perpendicular to the paper plane in 
Fig, 2). 

In the case of the optical probe 112B shown in Fig. 4, 
the object lens 18 is fixed so that only the optical fiber 
tip 2 0 side moves, and the position of the focal point 21 
of the laser light is scanned in the X direction 22 of the 
scanning plane 24 (perpendicular to the paper plane in Fig. 
4). 

In these cases, significant displacement results from 
driving this system at a resonant frequency. ,Just as with 
the X drive, the position of the focal point 21 of the 
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laser light is scanned in the Y direction 23 of the 
scanning plane 24 by the Y drive circuit 149. 

Here, the frequency of vibration in the Y direction is 
made sufficiently slower than the frequency of scanning in 
the X direction, the result of which is that the focal 
point is scanned over the scanning plane 24 as shown in Fig. 
43 from top to bottom (Y direction) while vibrating at high 
speed in the horizontal direction. Along with this, the 
reflected light at the various points of the scanning plane 
24 is transmitted by the optical fiber 6b. 

The light incident on the tip 20 of the optical fiber 
6b from the examination site side is guided through the 
coupler 125 of the light source unit 113 to the PMT unit 
124, where it is converted into an electrical signal 
according to the intensity of the light, after which this 
signal is inputted to the imaging device 115. 

The imaging device 115 uses clock signals to determine 
the drive waveforms of the X drive circuit 148 and Y drive 
circuit 149, calculates where the focal point is located 
from the signal output, further calculates the intensity of 
the reflected light at this point, and repeats this 
procedure to image the reflected light of the scanning 
plane 24. This result is temporarily stored as image data 
in the frame memory 141 inside the imaging device 115, this 
image data is read out in synchronization with a 
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synchronization signal , and a two-dimensional image of the 
reflected light intensity of the focal point position when 
the scanning plane 24 is scanned is displayed on the 
monitor 116. If needed , the image data is recorded in the 
hard disk device 150. 

With this embodiment , either the optical probe 112A 
with its higher resolution or the optical probe 112B with 
its higher scanning speed is used according to the site to 
be observed. Such specialized usage was impossible in the 
past. 

The scanning plane is scanned as shown in Fig. 8 in 
this embodiment, and because the piezoelectric elements 16i 
exhibit hysteresis characteristics in which the 
displacement varies from the forward path to the backward 
path even with drive signals of the same value, the 
degradation of the image due these hysteresis 
characteristics is eliminated, so sampling need only be 
performed on either the forward path or the backward path, 
and not both. 

When scanning is performed in the order of the letters 
in Fig. 8, that is, a— » b — » c -> d — » e -* f ... n— > o -> p 
-» o — » n ... d — » c b — » a, the conventional approach was 
to image data sampled from each scan, but with this 
embodiment, sampling is performed during scanning for a -* b, 
c -* d, e -» f , ... m -» n, and o -» p, and this data is imaged. 
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Thus sampling only when diagonally scanning in one 
direction produces an image that is not affected by 
hysteresis characteristics, and with a simple structure. 

With this system 111/ the optical fiber and object 
lens integrated scanning type of optical probe 112A and the 
optical fiber scanning type of optical probe 112B can both 
be used, and an observation image suited to the site being 
observed can be obtained. 

The above description was of an example of using two 
different types of optical probes 112A and 112B according 
to the type of scanning to be done, but it is also possible 
to use two optical probes 112A (or 112B) of the same type 
and vary the diameter of the probes, the size of the 
scanner, etc., so that the scanners will be driven at 
different resonant frequencies. In other words, even if 
the scanning type is the same, probes of the type suited to 
the application at hand may be readied, the type thereof 
identified by the identification circuit 131, and the 
scanners built into the optical probes driven at resonant 
frequencies for the identified type of probe. 

On the imaging device 115 side as well, the 
identification signal from the identification circuit 131 
may be received and imaging suited to that case performed. 

Neixt, sampling using aperiodic pulses as shown in Fig. 
9B will be described. 
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In the past, as shown in Fig. 54A, because drive in 
the X direction was by a nonlinear sine wave, if sampling 
was performed by an A/D converter using periodic pulses 
(see Fig. 54B) as a reference, then as shown on the X axis 
(vertical axis) in Fig. 54A, the sampling was coarse near 
the middle in the X direction, becoming finer toward the 
ends, and when the image was displayed on a monitor, as 
shown in Fig. 54C, the middle portion was spread out and 
the ends squeezed together, resulting in a distorted image. 

In view of this, with this embodiment, sampling is 
performed with aperiodic pulses such that the pixels in the 
X direction are aperiodic (see Fig. 9A) in the imaging with 
sampling pulses shown in Fig. 9B, resulting in the 
distortion-free image shown in Fig. 9C. 

First, the aperiodic pulse waveform and waveform data 
in the X direction are produced as the same file using a 
time axis as a reference, and these are stored in the hard 
disk device 150 inside the imaging device 115. Because 
resonant drive is used here, though, the actual scanning 
position B in the X direction is delayed in phase by 9 0° 
with respect to the drive waveform A, as shown in Fig. 9A, 
so a aperiodic pulse waveform that is delayed by 90° with 
respect to the drive waveform is produced and stored in 
advance. Also, the image in the X direction is displayed 
only at the rise of the sine wave. 



34 



u9SS v r SJL joOSOi&GdL 



The number of pulses p of the aperiodic pulses is 
found from p = fclk/fx, where fx is the X direction 
frequency and fclk is the clock signal frequency of the 
external clock signal generator 117. The aperiodic pulses 
satisfy the equation t = (p/2ji) x arccos ( 1 - 2X/(Xmax - 1))/ 
where t is an arbitrary time, X is an arbitrary scanning 
position in the X direction , and Xmax is the number of 
pixels in the X direction. The interval of the aperiodic 
pulses is set by the value of each time t when X in this 
equation is incremented one at a time from 0 to (Xmax - 1) , 
and this setting is used to produce the aperiodic pulse 
waveform. 

Thus driving the scanners with a drive waveform A and 
also sampling with aperiodic pulses yields an image that 
has no distortion and is free of phase shift due to 
resonant drive. 

Next, a line interpolation method with which the frame 
rate can be raised will be described through reference to 
Fig. 10. 

The data A/D-converted by the A/D converter 140 shown 
in Fig. 6 is successively stored one line at a time in the 
frame memory 141. Rather than all being read out by the 
CPU 143 , the stored data is instead thinned in a proportion 
of one out of two lines, for instance. The thinned and 
read data is written to the main memory 142 via the I/O 
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port 144 and the data bus 146. The written data is read 
from the main memory 142 by the CPU 143. 

Here, lines are read a number of times according to 
the number of lines thinned as above, and are outputted as 
an image to the monitor 116 via the I/O port 144. 

The flow of the above-mentioned line thinning and 
display of the same lines a number of times will be 
described through reference to the flow chart in Fig. 10. 
First, in step SI the number of display pixels in the X 
direction (Xmax) and the number of display pixels in the Y 
direction (Ymax) are stored ahead of time in the hard disk 
device 150 inside the imaging device 115. Next, in step S2 
the proportion of lines to be thinned, and the factor k 
indicating the multiplication in copying are set. In step 
S3 scanning is commenced, in step S4 scanning including 
line interpolation, that is, the thinning of lines, and 
copying is executed, and in step S5 scanning is continued 
unless already complete. 

The flow of the scanning including line interpolation 
in this step S4 will be described ^through reference to Fig. 
11. First, in step Sll an indepc i, which expresses the 
number of lines of the image yco be displayed, is 
initialized at i = 0. Ther**, in step S12 a decision is made 
as to whether i is less ifhan Ymax (i < Ymax). If the 
answer is yes, then in/step S13 an index j, which expresses 
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the number of lines to be copied, ±& initialized at j = 0 . 
Next, the CPU 43 causes the data for the i-th line to be 
read from the frame memory 41 iff step SI 4, and to be 
written to the main memory 42/in step S15. 

Next, in step S16 a decision is made as to whether the 
index j is less than the index k (j < k). If the answer is 
yes, then in step S17 the data for the i-th line written to 
the main memory 42 is read out, in step S18 this is 
displayed on the monitor 116 via the I/O port 144 as data 
for the i + j-th line, in step S19 the index j is 
incremented, the flow returns to step S14, in step S16 a 
decision is made as to whether j < k, and this process is 
repeated until all of the lines to be copied have been 
displayed . 

If j < k is false in step S16, that is, if the data 
for the i-th line has been copied and displayed by the 
amount set for k, then in step S2 0 (i + k) is put in for i 
by i i + k, the flow returns to the decision as to 
whether i < Ymax, and the process of displaying the data 
for the i + k-th line, and the copied data thereof, is 
repeated. 

If the answer as to whether i < Ymax in step S12 is no, 
that is, if the display of one frame of data has been 
finished, this sub-routine is ended, a decision is made as 
to whether to end scanning, and unless it is ended, the 
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next frame image is repeatedly overwritten according to the 
above flow. Thus, rather than displaying all of the data 
stored in the frame memory 141, the portion remaining after 
thinning is copied and displayed according to how much it 
was thinned. 

Therefore, when sampling is performed with aperiodic 
pulses, the resulting image has no distortion and is free 
of phase shift due to resonant drive. The optical probes 
170A, 170B, 176B, 201A, 221A, 231A, 401A, 431, and 451 
discussed below can also be driven in this embodiment. 

Second Embodiment 

A second embodiment of the present invention will now 
be described through reference to Figs. 12A to 19. It is 
an object of this embodiment to provide an optical probe 
that is simple to assemble and therefore lower in cost, and 
with which the effect of interference due to resonance can 
be reduced. 

Fig. 12A is an exploded view (prior to assembly) of a 
drive unit 161 and a support member 162 that is attached to 
the rear of this drive unit 161. This drive unit 161 is 
provided with a slit 163d, wherein a rectangular bottom 
plate 163a and side plate 163b are formed from a single 
piece of spring material such as stainless steel (SUS), 
linked by a small linking component 163c at the rear end. 
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Unimorph piezoelectric elements 164a and 164b in the 
form of rectangular thin plates are affixed to the bottom 
plate 163a and side plate 163b , respectively. One of the 
plates , such as the bottom plate 163a, is formed such that 
its distal end is longer than that of the side plate 163b, 
and the outer surface of the tip component can be fixed 
with an adhesive or the like to a tip frame 165 as shown in 
Fig. 12C. 

The spring material shown inyFig. 12A is bent at a 
right angle at the linking component 163c, and the two 
faces on the inside at the rear end which form a right 
angle are fixed with an adhesive or the like to the support 
member 162, which is provided with a hole through which an 
optical fiber 166 passes. 

After this, a lens holder 168a to which are fixed the 
tip of the optical fiber 167 and an object lens 166 shown 
in Fig. 12C is fixed with an adhesive or the like to the 
two faces at the distal end of the spring material bent as 
shown in Fig. 12B, signal lines 169 or the like (see Fig. 
12C) for applying a drive signal to the piezoelectric 
elements 164a and 164b are connected, and a scanner 170A 
that performs two-dimensional scanning is formed as shown 
in Fig. 13. The signal lines 169 are not shown in Fig. 13. 

The scanner 170A is such that the tip outer surface of 
the bottom plate 163a is fixed to the rigid tip frame 165 
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attached to the distal end opening of a tube 171 , and an 
optical fiber and object lens integrated scanning type of 
optical probe 173A is formed as shown in Fig. 12C. The 
opening of the tip frame 165 is blocked off by a cover 
glass 172 . 

A drive signal for driving in the X direction is 
applied to the piezoelectric element 164b through a signal 
line 169 , and a drive signal for driving in the Y direction 
is applied to the other piezoelectric element 164a, the 
result being that the tip of the optical fiber 167 and the 
object lens 166 are integrally vibrated in the X and Y 
directions and the light is scanned two-dimensionally . 

This optical probe 173A can be easily manufactured by 
affixing the two piezoelectric elements 164a and 164b to a 
single piece of spring material and then bending, for 
example. Also, since scanning can be performed with this 
optical probe 173A such that the piezoelectric elements 
164a and 164b are vibrated one in the X direction and the 
other in the Y direction, the structure and assembly are 
both simpler than when scanning is performed with a pair of 
piezoelectric elements, so the cost is lower and the 
apparatus is lighter. 

Also, compared to a scanner in which a pair of 
piezoelectric elements are two-dimensionally vibrated, 
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scanning by the vibration of one element has less effect on 
scanning by the vibration of the other element. 

The support member 162 has the function of preventing 
twisting or the like from occurring at the distal and rear 
ends of the spring material. In other words, if this 
support member 162 is not used, there is the possibility 
that twisting will occur at the distal and rear ends of the 
spring material, but the occurrence of this twisting can be 
effectively prevented by using the support member 162. 

In the above description, a unimorph piezoelectric 
actuator in the drive unit 161 was constituted by affixing 
the plate-form piezoelectric elements 164a and 164b to one 
side of the spring material such that they were adjacent in 
the direction perpendicular to the lengthwise direction, 
but as with the drive unit 161 1 shown in Fig. 12D, plate- 
form piezoelectric elements 164a 1 and 164b 1 may also be 
affixed to the other side of the spring material to 
configure a bimorph piezoelectric actuator. The 
piezoelectric elements 164a 1 and 164b 1 have the same shape 
as the piezoelectric elements 164a and 164b, respectively. 
Fig. 12D depicts the unit shown in Fig. 12A, viewed from 
the right side, for example. 

A drive unit may also be employed that combines the 
drive units 161 and 161' • For instance, the low-speed 
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drive side may be a unimorph piezoelectric actuator, and 
the high-speed drive side a bimorph piezoelectric actuator. 

The assembly of the optical fiber and object lens 
integrated type of optical probe 173A shown in Fig. 12C 
featuring the drive unit 161 and support member 162 shown 
in Fig. 12A was described, but an optical fiber scanning 
type of optical probe 173B can also be assembled as 
described below using the drive unit 161 and support member 
162. 

Fig. 14 shows a scanner 170B in the case of an optical 
fiber scanning type. With the scanner 170A in Fig. 13 , the 
lens holder 168a to which were fixed the object lens 166 
and the tip of the optical fiber 167 was attached to the 
bottom plate 163a and side plate 163b bent at a right angle, 
but with the scanner 17 OB shown in Fig. 14, a fiber holder 
168b to which is fixed the tip of the optical fiber 167 is 
attached to the distal end of the bottom plate 163a and 
side plate 163b. 

As shown in Fig. 15, the object lens 166 is fixed by 
the tip frame 165 to which the cover glass 172 is fixed 
ahead of the tip face of the optical fiber 167, thereby 
forming the optical probe 173B shown in Fig. 15. 

In this case, when a drive signal is applied to the 
two piezoelectric elements 164a and 164b, the tip of the 
optical fiber 167 is two-dimensionally vibrated along with 
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the fiber holder 168b. This scanner 170B has the same 
effect as the scanner 170A discussed above. 

Fig, 16 illustrates the spring material, etc., in a 
first variation example of Fig. 12A. In Fig. 12A, the 
bottom plate 163a is longer than the side plate 163b, but 
in Fig. 16, the bottom plate 163a and side plate 163b are 
the same length, and the lengths of the affixed 
piezoelectric elements 164a and 164b are different. 

In the case of Fig. 16, the piezoelectric element 164a 
is made shorter than the piezoelectric element 164b, and 
the signal lines 169 are connected to the distal end. With 
this variation example, when either the piezoelectric 
element 164a or 164b is resonantly vibrated, because the 
other piezoelectric element has a resonance point at a 
different frequency from the resonance frequency of the 
vibrating side, there is no interference caused by this 
vibration . 

In Fig. 16, the piezoelectric elements 164a and 164b 
of different lengths were affixed to the bottom plate 163a 
and side plate 163b of the same length, but as in the 
second variation example shown in Fig. 17, the same effect 
as in the case of Fig. 16 will be obtained if the 
piezoelectric elements 164a and 164b of the different 
lengths are affixed to the bottom plate 163a and side plate 
163b of different lengths. 
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Fig. 18A illustrates the spring material, etc., in a 
third variation example. in Fig. 12A, the slit 163d was 
formed by cutting out the material from the distal end, but 
in Fig. 18A, material is further cut out from the rear end, 
forming a slit 163e that is adjacent to the slit 163d. 

The spring material in Fig. 18A is J3fent at a right 
angle as in Fig. 18B. Fig. 18B is a view of when the 
spring material in Fig. 18A is bent/at a right angle, 
viewed from the rear end side thereof, that is, from the 
left. A scanner 176B is formed by attaching a fiber holder 
175b, to which is fixed the tip of the optical fiber 167 as 
shown in Fig. 19, for example, to the distal end of the 
bent spring materialyan Fig. 18B. The rear end of one of 
the bent spring material sides (such as the bottom plate 
164a) is fixed by an adhesive 178a at the front end of a 
base member \jfl • 

The object lens 166 is attached to a tip cover 179 
right in front of the tip face of the optical fiber 167. 
This tip cover 179 has attached to it the cover glass 172 
at the opening in front of the object lens 166. The front 
end of a rigid tip tube 180 is fixed to this tip cover 179, 
and the rear end of this tip tube 180 is fixed to the base 
member 177. The distal end of the flexible tube 171 is 
affixed to this base member 177. 
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The optical fiber 167 , whose tip is fixed by the fiber 
holder 175b, is inserted into a through hole in the base 
member 177 and extends toward the rear end, and is affixed 
with an adhesive 178b in the through hole portion in a 
state in which there is some play in the fiber. 

The signal lines 169 connected to the piezoelectric 
elements 164a and 164b are also inserted into the through 
hole of the base member 177 and extend toward the rear end, 
and are affixed by adhesives 178c and 178d in the through 
hole portion in a state in which there is some play in the 
lines, so that an optical fiber scanning type optical probe 
18 IB is formed. 

Fig. 19 depicts an optical fiber scanning type of 
optical probe 181B, but an optical fiber and object lens 
integrated scanning type of optical probe can also be 
formed by using a lens holder that fixes the object lens 
166 and the tip of the optical fiber 167 instead of the 
fiber holder 175b. 

This variation example also yields substantially the 
same effect as that described for Fig. 12. 

Third Embodiment 

A third embodiment of the present invention will now 
be described through reference to Fig. 20. It is an object 
of this embodiment is to provide an optical probe with 
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which a vertical tomogram can be obtained with a simple 
structure . 

A scanner generally must be driven in the depth 
direction to obtain a tomogram in the depth direction with 
an optical probe, but with a scanner that two-dimensionally 
scans an object lens and an optical fiber, any further 
drive in the depth direction results in an extremely 
complicated scanner structure, and the assembly of this 
scanner is difficult, so in this embodiment a tomogram 
having a component of the depth direction is obtained with 
a simple structure as described below. 

The optical probe 201A shown in Fig. 2 0 is like the 
optical probe 112A in Fig. 2, but a prism 2 02 for changing 
the optical path to the side at a right angle is disposed 
ahead of the emission end 20 of the optical fiber 6b, and 
the light emitted in the lengthwise direction by this prism 
202 is reflected at a right angle and guided to the side, 
then condensed by an object lens 203 disposed facing this 
side direction, and emitted to the side through a 
transparent cover glass 204. 

Accordingly, in this embodiment, a flexible tube 205 
that serves as a sheath tube for the optical probe 2 01A is 
blocked off at its distal end and opens to the side, and a 
rigid optical frame 206 to which the cover glass 204 is 
attached is disposed in the portion of the inside of the 
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distal end of this tube 205 that opens to the side, forming 
a tip component 20 7. 

A base member 208 is affixed on the inside at the rear 
end of the optical frame 206, and the tip of the optical 
fiber 6b passing through the center hole of this base 
member 208 is affixed by press-fitting or the like into the 
center hole in a fiber holder 209, with the four sides (top, 
bottom, left, and right) of this fiber holder 209 being 
supported by thin plates 210a, 210b, 210c, and 210d (210d 
is not shown) . 

The rear ends of the thin plates 210a, 210b, 210c, and 
210d are supported by the base member 208, and 
piezoelectric elements 211a, 211b, 211c, and 211d (211b and 
2 lid are not shown) are respectively affixed to the outer 
surfaces thereof on the distal end side. 

The prism 202 is fixed with an adhesive or the like to 
the front face of the fiber holder 209, and the light 
emitted from the tip 20 of the optical fiber 6b is entirely 
reflected at a right angle off an inclined face, and is 
incident on the opposing object lens 2 03. 

This object lens 2 03 is attached with an adhesive or 
the like at an opening provided on the distal end side of 
the thin plate 210c, and light is emitted to the side 
through the cover glass 2 04 attached to an opening in the 
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tube 205 and an opening in the optical frame 206 facing the 
object lens 2 03, and focused at a focal point 215. 

A drive signal from the X drive circuit is applied to 
the paired piezoelectric elements 211b and 2 lid, a drive 
signal from the Y drive circuit is applied to the paired 
piezoelectric elements 211a and 211c, and these 
piezoelectric elements are driven in the X direction 212 
(perpendicular to the paper plane in Fig. 20) or the Y 
direction 213 (vertically in Fig. 20) as the case may be. 
The scanning plane 214 in this case is a plane indicated by 
a bold line in Fig. 20, which is perpendicular to the paper 
plane and includes the vertical direction, and the Y 
direction 213 coincides with the depth direction of the 
examination site, so an image having the scanning plane 214 
in the depth direction is obtained. 

The inclined face of the prism 202 may be fixed via a 
fixing member 215 as shown in the figure, or it may be 
fixed to the fiber holder 209 without the use of the fixing 
member 215. 

With the optical probe 201A shown in Fig. 20, the 
optical fiber 6b and the object lens 2 03 are integrally 
scanned, but if the object lens 203 is attached on the 
optical frame 2 06 side, an optical fiber scanning type of 
optical probe can be formed. 
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With this embodiment, scanning is possible in the 
depth direction and in the horizontal direction (lateral 
direction) with a simple structure featuring two- 
dimensional scanning, so a perpendicular tomogram can be 
obtained. 

Fourth Embodiment 

A fourth embodiment of the present invention will now 
be described through reference to Fig. 21. It is an object 
of this embodiment to provide an optical probe with which a 
tomogram having a component of the depth direction can be 
obtained with a simple structure. 

With the optical probe 112A shown in Fig. 2, the tip 
cover unit 12 of the tip component 9 was perpendicular to 
the optical axis 0, but with the optical probe 221A shown 
in Fig. 21, a tip cover unit 22 3 provided to a tip 
component 222 is at a specific angle other than 90 degrees 
to the optical axis O. 

The tip cover unit 223 comprises a cover holder 224 
and a cover glass 225. The cover glass 225 is affixed to 
the cover holder 224, and the cover holder 224 is covered 
with the tube 8 and adhesively fixed along with the distal 
end of the tube 8 to the distal end of a rigid optical 
frame 10 whose distal end has been cut at an angle. 
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The rest of the structure is the same as that 
described for Fig. 2, and will therefore not be described. 

In this embodiment, when the outer surface of the 
cover glass 225 , which serves as the angled observation 
face of the tip cover unit 2 23 , is pressed against tissue 
for observation, a diagonal tomogram is obtained in which 
the image of the scanning plane 2 4 deepens as scanning 
proceeds in the Y direction 23. 

The angle of inclination of the tip cover unit 223 in 
Fig. 21 is merely one example, and a variety of angles may 
be employed in order to obtain the desired diagonal 
tomogram . 

With this embodiment, the observation plane is 
provided at an angle, rather than perpendicular, to the 
optical axis O, so an image having a component of the depth 
direction is obtained according to the inclination, which 
allows a diagonal tomogram to be obtained. 

The structure can also be such that the tip cover unit 
12 shown in Fig. 2 and the tip cover unit 223 shown in Fig. 
21 can each be selected for detachable mounting to the 
optical frame 10, allowing the user to obtain the desired 
image. 

Fifth Embodiment 
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A fifth embodiment of the present invention will now 
be described through reference to Fig. 22. It is an object 
of this embodiment to provide an optical probe with a wide 
range of applicability to various observation planes. 

With a straight-on viewing type of optical probe, when 
the probe is inserted into an endoscope channel and the 
probe tip pressed against the examination site for 
observation, the probe works effectively when the 
examination site has a plane that is perpendicular to the 
tip face of the probe, but it is difficult to press the 
probe against tubular tissue such as that in the esophagus. 
On the other hand, a side viewing type is effective when 
observing tubular tissue, but is difficult to press against 
tissue that is perpendicular to the probe tip. Accordingly, 
in this embodiment the structure allows observation in 
either case, as discussed below. 

The tip component 232 of the optical probe 231A shown 
in Fig. 22 has an optical unit 232A structured such that 
the distal end side of the optical unit 11G in the optical 
probe 112A in Fig. 2 is bent at a specific angle (such as 
about 45 degrees. 

Accordingly, a tip cover unit 235 is structured such 
that the tube 8 and the distal end face of the optical 
frame 10 housed inside the distal end of this tube 8 are 
cut at an angle (such as about 45 degrees), a cover glass 
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234 is attached to the optical frame 10 by a cover holder 
233 at this open portion cut at an angle, and the face of 
the cover glass 234 is tilted forward. 

A base 236 , to which is fixed the rear end of the 
optical frame 10 , has formed on it an extension 237 
extending forward and becoming more slender in stepwise 
fashion, and the tip end of the optical fiber 6b is 
inserted into a through hole provided in the lengthwise 
direction of this extension 237. 

Thin plates 238a and 238c are affixed to this 
extension 237 above and below, with the distal ends bent 
midway (such as at about 45 degrees), piezoelectric 
elements 239a and 239c are applied to the outer surface on 
the distal end sides of these thin plates 238a and 238c, 
and the outer surfaces at the top and bottom of a lens 
holder 240 are affixed to the thin plates 238a and 238c on 
the inside at the distal ends. 

An object lens 241 is affixed on the inside at the 
distal end of this lens holder 24 0, and the optical axis 0 
is disposed so that it coincides with the center axis of 
the object lens 241 and is perpendicular to the face of the 
cover glass 234 and the face of the object lens 241. A 
bent tip component 242 in the optical fiber 6b is affixed 
in a hole at the conically tapered rear end of the lens 
holder 240. 
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Thin plates 238d and 238b (238b is not shown) are 
attached to the left and right sides of the extension 23 7 , 
piezoelectric elements 239d and 239b (239b is not shown) 
are applied to the outer surface at the distal ends of 
these thin plates, and the left and right sides of the lens 
holder 2 40 are affixed to the inner surface at the distal 
ends of these two thin plates. 

The piezoelectric elements 239a and 239c, and the 
piezoelectric elements 239d and 239b (239b is not shown) 
perpendicular to these, are then driven so that the focal 
point 243 is scanned in the horizontal direction (X 
direction) 244 and vertical direction (Y direction) 245 in 
Fig. 22, allowing the scanning plane 246 including the 
focal point 243 to be scanned two-dimensionally . 

With this optical probe 231A, the observation-use 
distal end face of the tip component 232 is angled, rather 
than being perpendicular to the lengthwise direction of the 
tip component 232, so when tissue is being observed with 
the optical probe 231A through an endoscope channel, 
regardless of whether the tissue is perpendicular to the 
lengthwise direction of the tip component 2 32 or is tubular 
tissue, the tip can be easily pressed against the tissue by 
tilting it about 45 degrees, for instance, making it easier 
to perform the observation. 
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Sixth Embodiment 

A sixth embodiment of the present invention will now 
be described through reference to Figs. 23 to 25. It is an 
object of this embodiment to provide an optical probe with 
which the frame rate can be increased , and the resolution 
in the Y direction can be raised. When raster scanning is 
performed using an optical probe, if only the information 
for the forward path or backward path is imaged out of the 
forward and backward scans, there will be fewer lines, the 
frame rate will be lower, and there will be a decrease in 
resolution in the vertical direction (the Y direction of 
the image ) . 

On the other hand, there are hysteresis 
characteristics with a scanner that features piezoelectric 
elements, and the image is slightly different in the 
forward and backward paths, so if information is imaged for 
both forward and backward paths, the result will be a 
distorted image in which the images of the forward and 
backward paths are alternately woven into each other one 
line at a time. 

Accordingly, the structure described below is employed 
to obtain an image with higher frame rate and so forth. 

Fig. 23 shows the internal structure of an imaging 
device 2 51 in this embodiment. This imaging device 251 
makes use of a first frame memory 252 and a second frame 
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memory 2 53 instead of the frame memory 141 connected to the 
I/O port 144 in Fig. 6, and the digital signals for each 
line that have undergone A/D conversion by the A/D 
converter 140 are alternately stored in the first frame 
memory 2 52 and second frame memory 253 via signal lines 
140b and 140c. 

The switching between the first frame memory 252 and 
the second frame memory 2 53 by the A/D converter 140 is 
controlled by the CPU 143 via the signal line 143a, the I/O 
port 144 f and a signal line 144e. The data stored in the 
first frame memory 252 and the second frame memory 253 is 
controlled so that it is alternately read out one line at a 
time from each frame memory via a signal line 143a, I/O 
port 144 , and signal line 144a or 144f, by the CPU 143. 

The storage addresses for the data in the first frame 
memory 2 52 and second frame memory 253 are specified by the 
CPU 143 through the address bus 145, and are controlled 
such that the data is stored in the main memory 142 through 
the data bus 146. The CPU 143 controls the system such 
that a hysteresis characteristic conversion program stored 
ahead of time in the hard disk device 150 is read out to 
the main memory 142, causing the data in the second frame 
memory 253 to be converted to the same characteristics as 
the data stored in the first frame memory 252. 
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The data in the first frame memory 252 and the data in 
the second frame memory 253 are alternately read out one 
line at a time from the main memory 142 to the I/O port 144, 
sent to the monitor 116 , and imaged. 

When the data is thus converted such that the 
hysteresis characteristics of the forward and backward 
paths shown in Fig. 24A are the same, or, in this case, 
when the characteristics of the backward path are made the 
same as the characteristics of the forward path, an image 
of both the forward path and the backward path is displayed 
with no distortion. 

For example, if we let U be the amount of displacement 
of the piezoelectric element with respect to the applied 
voltage V, and if the displacement U on the forward path is 
expressed as U = f(V) and on the backward path as U = g(V), 
a correction coefficient a is introduced such that the 
equation will be U = af(V), and correction coefficients a 
are readied in table form in the hard disk device 150, for 
example, as shown in Fig. 2 4B. On the forward path, the 
display is at a monitor screen location corresponding to 
the displacement U, while on the backward path, the display 
is at a monitor screen location at which the 
characteristics in the case of the forward path have been 
corrected with the correction coefficient a. 
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The above flow will be described using the flow chart 
of Fig. 25. Here, the number of lines in the first frame 
memory 2 52 and the second frame memory 253 is indicated by 
i and j , respectively, and the number of lines of one frame 
of image is 2m (where m is an integer) . This m is stored 
in a register of the CPU 143, for example (step S21), and 
the indexes i and j are initialized to 0 (step S22). 

In the next step S23, the CPU 143 compares the indexes 
i and j, and if they are equal, the i-th line of data is 
stored in the first frame memory 252 (step S24). The CPU 
143 writes this i-th line of data to the main memory 142, 
and this line data is read out (step S25), and then the CPU 
143 outputs the data to the monitor 116 via the I/O port 
144, and causes this line data to be displayed on the 
monitor 116 (step S26). In the subsequent step S27 the 
index i is incremented by one, and the flow returns to step 
S23. 

Thereupon, since i and j are no longer equal, the flow 
moves to step S28, and the CPU 143 causes the line data to 
be stored in the second frame memory 2 53, and causes it to 
be written to and read from the main memory 142 (step S29). 

The CPU 143 controls the system such that the data 
read from the main memory 142 is used by a hysteresis 
conversion program stored ahead of time in the hard disk 
device 150 to convert the hysteresis characteristics 
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thereof into characteristics that are the same as in the 
case of the forward path (step S30). 

The CPU 143 then outputs the line data that has 
undergone this characteristic conversion to the monitor 116 
via the I/O port 144 , and causes the data to be displayed 
on the monitor 116 (step S31). 

In the subsequent step S32 the index j is incremented 
by one, after which a decision is made as to whether j is 
equal to or greater than m (step S33). If not, the flow 
returns to step S23 and the processing of steps S23 to S32 
are repeated until j is equal to or greater than m. One 
frame of image is obtained in this way. Then, in step S3 4 
a decision is made as to whether to end the processing, and 
if the next frame is to be displayed, the flow returns to 
step S22, this processing is repeated, and the processing 
is ended when the next frame is not to be displayed. 

The result of this processing is that two lines of 
image are obtained by forward and backward scans , so the 
frame rate is higher. Also, the resolution in the vertical 
direction (the Y direction of the image) can be enhanced 
without lowering the frame rate. 

Seventh Embodiment 

A seventh embodiment will now be described through 
reference to Figs. 26 to 29D. 
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An optical probe system equipped with the seventh 
embodiment is such that in Fig. l f for instance, the 
scanner of the optical probe 1121 is provided with a strain 
sensor for detecting displacement, and the hysteresis 
characteristics when the scanner is driven are improved by 
this strain sensor. 

Accordingly, with the integral scanning type of 
optical probe in this embodiment, the optical unit 11G 
portion of the optical probe 112A in Fig. 2 is changed to 
the optical unit 11 J shown in Fig. 26. 

The optical unit 11 J shown in Fig. 26 is like the 
optical unit 11G in Fig. 3, but a strain sensor 302 is 
adhesively fixed on the thin plate 15b that moves in the 
horizontal direction (X direction), in order to detect the 
displacement of this thin plate 15b. 

As shown in Fig. 27, a signal line 303 connected to 
this strain sensor 302 is electrically connected to a 
sensor drive circuit 305 within a control circuit 304, 
which controls the drive of the strain sensor 302. The 
output signal of the strain sensor 302 is inputted to an X 
drive circuit 307 via a signal line 306, an electrical 
signal corresponding to the displacement of the thin plate 
15b is inputted, and drive in the X direction is controlled 
by this signal. In Fig. 27, a portion of the signal line 
303 and the signal line 306 is shared. 
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As shown in Fig. 28, the X drive circuit 30 7 in this 
embodiment comprises a sine wave generator 308 that 
generates a signal for driving in the X direction, a drive 
signal correction circuit 30 9 that compares this sine wave 
with the electrical signal indicating the displacement of 
the strain sensor 302 and corrects the hysteresis 
characteristics of the scanning forward and backward paths, 
and an amplifier 310 that amplifies the signal for driving 
the piezoelectric elements 16b and 16d. 

The sine wave signal generated by the sine wave 
generator 308 is inputted to the drive signal correction 
circuit 309. The sensor signal of the strain sensor 302 is 
inputted to the drive signal correction circuit 309 via the 
signal line 306, and the signal outputted to the amplifier 
310 is outputted after being corrected by this sensor 
signal . 

Similarly, with an optical fiber scanning type of 
optical probe, a strain sensor is attached to the thin 
plate 15b that constitutes the optical unit thereof. The 
rest of the structure is the same as in the sixth 
embodiment, and will therefore not be described again. 

Figs. 29A to 29D illustrate the operation of 
correcting the waveform when the output of the strain 
sensor 3 02 is different from the drive signal. In this 
case, a rising waveform indicates the forward path of 
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scanning, and a falling waveform indicates the backward 
path of scanning. 

If the sensor output (displacement signal) from the 
strain sensor 302 shown in Fig. 29B is different from the 
sine wave that is the drive signal in Fig. 29A, the drive 
signal correction circuit 30 9 compares the waveforms of 
these signals, and as shown in Fig. 29C, outputs a 
correction signal to the amplifier 310 that leaves the 
forward path as a sine wave but changes the waveform of the 
backward path so that the sine wave becomes flatter. 

The waveform of the sensor output inputted by feedback 
from the strain sensor 302 to the drive signal correction 
circuit 309 is made to be in linear symmetry in the forward 
and backward paths, as shown in Fig. 2 9D. In other words, 
even if the waveforms are different in the forward and 
backward paths as shown in Fig. 2 9B when not corrected with 
the sensor output, there will be virtually no hysteresis 
characteristics in the forward and backward paths as shown 
in Fig. 2 9D after correction with the sensor output. 

Thus correcting the hysteresis of the forward and 
backward paths before driving the piezoelectric elements 
16b and 16d yields an image with no distortion in the 
forward and backward paths. 

In this embodiment, the displacement of the 
piezoelectric element 16b or 16d is detected by the strain 
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sensor (strain gauge), but piezoelectric elements with 
smaller hysteresis characteristics may also be used. 

With this embodiment, two lines of image are obtained 
by forward and backward scanning, so the frame rate is 
higher. Also, the resolution in the vertical direction 
(the Y direction of the image) can be enhanced without 
lowering the frame rate. 

Fig. 30 shows an optical unit 11K in a first variation 
example. This optical unit 11K is structured differently 
from the optical unit 11J in Fig. 41, so its structure will 
be described. 

With this optical unit 11K, both sides of the distal 
ends of a relay member 311, rather than the lens holder, 
are fixed to both sides of the distal ends of the thin 
plates 15b and 15d (15d is not shown in the figure) whose 
rear ends are adhesively fixed to both side faces of the 
base 14, the rear ends of the thin plates 15a and 15c are 
affixed to the upper and lower surfaces at the rear end of 
this relay member 311, and the upper and lower surfaces of 
the lens holder 17 are affixed to the distal ends of these 
thin plates 15a and 15c. 

The piezoelectric elements 16b and 16d, and 16a and 
16c (16d and 16c are not shown) are applied to the outer 
surfaces of the thin plates 15b and 15d, and 15a and 15c, 
respectively. In this first variation example, the strain 
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sensor 302 is applied to the inner surface of the thin 
plate 15b. The rest of the structure is the same as in the 
optical unit 11J. In Fig. 45 , the signal lines 19 and 303 
are shown as a single line for the sake of simplicity. 

Figs. 31 and 32 illustrate optical units 11L and 11M 
in second and third variation examples, respectively. In 
Fig. 31, the strain sensor 302 is attached to the upper 
surface of the piezoelectric element 16b via an insulating 
plate 313 made of polyimide or another such insulating 
material . 

In Fig. 32, two piezoelectric elements 16bl and 16b2 
are used for the piezoelectric element applied to the thin 
plate 15b, with one of these, the piezoelectric element 
16b2, being used as a sensor. 

The effect of these variation examples is 
substantially the same as that with the optical unit 11J. 

Eighth Embodiment 

An eighth embodiment of the present invention will now 
be described through reference to Fig. 33. It is an object 
of this embodiment to provide an optical probe with which 
tomograms can be obtained at different depth locations. 

The optical probe 401A in Fig. 33 is like the optical 
probe 112A in Fig. 2, but has an optical unit UN that 
employs a liquid crystal lens 402 that varies the 
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refractive index through the application of voltage, 
instead of the cover glass 2 6 that constituted the optical 
unit 11G. With this liquid crystal lens 402, a liquid 
crystal is sealed within transparent, parallel containers 
provided with transparent electrodes, and is attached to 
the distal end of the optical frame 10 via the cover holder 
25. The read end of a signal line 403 connected to both of 
the transparent electrodes is connected to the electrical 
contact of the electrical connector 118a, and connected to 
a voltage generation circuit via a depth (or refractive 
index) adjustment switch (not shown) provided to the 
control device 114 (see Fig. 1). 

When this depth adjustment switch is operated, voltage 
that will achieve a refractive index corresponding to the 
selected depth is applied to the liquid crystal lens 402. 

The scanning planes 24a, 24b, and 24c can be scanned 
with the focal position varied in three stages, for example, 
by adjusting the applied voltage in three stages. The 
applied voltage may also be varied continuously so that 
scanning is performed a continuously varying depth. 

Therefore, with this embodiment, tomograms of sites at 
different depths can be obtained with ease. 

In Fig. 33, an integrated scanning type of optical 
probe 40 1A was described, but an optical fiber scanning 
type of optical probe can also be employed by using the 
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liquid crystal lens 402 for the optical probe 112B in Fig. 
4 as well. 

Ninth Embodiment 

A ninth embodiment of the present invention will now 
be described through reference to Fig. 34. It is an object 
of this embodiment to provide an optical probe with which 
the scanner can be vibrated stably. 

As shown in Fig. 34, the optical probe 411 in this 
embodiment is designed such that a rigid base member 414 is 
attached to the distal end of a flexible tube 413 into 
which an optical fiber 412 has been inserted, the proximal 
end of a scanner 415 (either an optical fiber and object 
lens integrated scanning type or an optical fiber scanning 
type) is fixed to this base member 414, and the proximal 
end of a rigid distal end frame 416 covering this scanner 
415 is fixed to the base member 414. 

An opening is provided to the portion of the distal 
end frame 416 irradiated by the light emitted from the 
scanner 415, and this opening is blocked off by a cover 
glass 417 through which light passes. 

The optical fiber 412 inserted through the tube 413 is 
fixed by a fixing component/419 near a connector 418 at the 
rear end of the tube 8 . / in other words, the optical fiber 
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412 is fixed at a position where vibration from the scanner 
415 is not transmitted. 

Therefore , when the scanner is vibrated, vibration 
from the optical fiber 412 does not reach the fixing 
component thereof, allowing the scanner to be vibrated more 
stably. 

Fig. 35 shows the state when an optical fiber 421 in a 
first variation example has been inserted into a channel 
423 of an endoscope 422. 

The endoscope 422 comprises a tip component 425 with a 
rigid insertion component, a bendable bending component 426, 
and a flexible tube 427 that is slender and flexible. The 
optical fiber 421 is inserted into the channel 423 provided 
to this insertion component. 

With this optical probe 421, the fixing component 419 
that fixes the optical fiber 412 is provided at the 
location of the flexible tube 42 7 to the rear of the 
bending component 42 6. This location is to the rear of the 
fixing component of the scanner 415 by at least the length 
L of the scanner 415, and is also an integer multiple of 
the length L (the location of mL, where m is an integer). 

Also, this optical fiber 412 is fixed by the fixing 
component 419 in a state in which play 420 (or slack) is 
provided between the fixing component 419 and the fixing 
component of the scanner 415. This makes it possible to 
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accommodate situations in which the optical probe 421 is 
bent. 

Tenth Embodiment 

A tenth embodiment of the present invention will now 
be described through reference to Fig. 36. It is also an 
object of this embodiment to provide an optical probe with 
which the scanner can be vibrated stably. Fig. 36 shows an 
optical unit 431 in the tenth embodiment. 

With this optical unit 431, a side face 432a is formed 
by cutting off one side of a substantially annular base 
member 432, the rear end of a flat piezoelectric actuator 
433 that serves as the low-speed drive side is affixed to 
this side face 432a, and the front end of this 
piezoelectric actuator 433 is affixed to the outer side 
face at the front end of a substantially L-shaped (when 
viewed from above) relay member 434. The piezoelectric 
actuator 433 comprises a flat member to which is applied a 
piezoelectric element that is flat and is provided on both 
sides with electrodes. 

The front end of this relay member 434 faces the side 
surface near the front end of a square lens holder 436 to 
which an object lens 43 5 is attached. 

A cylindrical extension 436a extends to the rear from 
the lens holder 436, to which is affixed an optical fiber 
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437 that passes through a through hole in the relay member 
434 and the base member 432. 

The object lens 435 and the tip component of the 
optical fiber 437 can be vibrated in the horizontal 
direction indicated by 439h by applying a drive signal to 
the piezoelectric actuator 433 via a signal line 438a. 

A side plate portion of the relay member 434 extends 
to the rear in parallel with the flat piezoelectric 
actuator 433, and its rear end is integrally formed with a 
square support block 434a that faces the front of the base 
member 432. The rear end of a flat piezoelectric actuator 
440 that serves as the high-speed drive side is affixed to 
the top of this support block 434a , and the distal end of 
the piezoelectric actuator 44 0 is affixed to the top at the 
front end of the lens holder 436. 

A signal line 438b is affixed by solder 441 near the 
top of the support block 434a and connected to the 
electrode on the top side of the piezoelectric element that 
makes up the piezoelectric actuator 44 0, and the electrode 
on the lower surface of this piezoelectric actuator 440 is 
such that the signal line 438b is affixed by solder 441 
near the top of the lens holder 436 and connected to the 
flat member (that constitutes the piezoelectric actuator 
440) electrically connected to this electrode. 
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In other words, the signal line 438b for applying 
drive signals is connected near both ends of the 
piezoelectric actuator 440. The result of fixing at both 
ends in this way is that there is no need to solder to the 
middle portion of the piezoelectric element that undergoes 
the most deformation, so the piezoelectric element is 
resistant to cracking, and less vibration reaches the 
signal line 4 38b than when the connection is in the middle. 

Also, the signal line 438b extends such that it turns 
back in the lengthwise direction of the piezoelectric 
actuator 433 and the side plate portion of the relay member 
434, and the middle thereof is spot-bonded at suitable 
intervals, which keeps it from being exposed to excessive 
vibration. 

When a drive signal is applied to the piezoelectric 
actuator 440 via the signal line 438b, the object lens 435 
and the tip component of the optical fiber 437 are vibrated 
up and down in the direction indicated by 43 9v. 

This optical unit 431 is covered by a tip cap 444, to 
the distal end of which is attached a cover glass 443 as 
shown by the broken lines. 

With this embodiment, the scanner portions that are 
vibrated horizontally and vertically (up and down) are 
constituted by the flat construction piezoelectric 
actuators 433 and 440, respectively, so the vibration can 
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be at a higher amplitude and a wider range can be observed 
than with a parallel plate construction in which the 
components are disposed facing each other in parallel. 

Also, the signal line 438b for applying drive signals 
to the piezoelectric actuator 440 on the high-speed drive 
side, whose rear end is fixed to the rear end of the relay 
member 434 , is disposed in the lengthwise direction of the 
piezoelectric actuator 433 on the low-speed drive side and 
in the lengthwise direction of the relay member 434, and 
its middle is spot-fixed at suitable intervals, so stable 
vibration can be ensured. 

For instance, if the signal line 438b is merely given 
some play, vibration can cause the signal line to become 
entangled with the optical fiber, resulting in unstable 
scanner vibration, and there is also the possibility that 
the signal line will become so entangled with the optical 
fiber that the signal line is broken by the vibration of 
the optical fiber, but these are prevented from happening 
with this embodiment. 

Figs. 37 and 38 sp&ff an optical unit 453 provided to 
the tip component/^ an optical probe 451 in a variation 
example. 

In this variation example, the high-speed drive 
actuator consists of two piezoelectric actuators disposed 
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in parallel, while the low-speed drive actuator consists of 
a single piezoelectric actuator. 

With the optical unit 452 in this variation example, 
the rear ends of two parallel thin plates 453a and 453b are 
affixed as shown in Fig. 37 to the upper and lower surfaces 
of the support block 434a in the optical unit 431 in Fig. 
36, and the front ends of the thin plates 453a and 453b are 
affixed to the lens holder 436. 

Flat high-speed piezoelectric elements 454a and 454b 
are applied (formed as high-speed piezoelectric actuators) 
on the thin plates 453a and 453b, respectively. 

The side plate portion extending toward the front from 
one side face of the support block 434a in the relay member 
434 is formed shorter than in Fig. 36, and the low-speed 
piezoelectric actuator is attached between this side face 
portion and the base member 432. 

in other words, as shown in Fig. 38, the distal and 
rear ends of the thin plate 455 are affixed to the distal 
end of the side face portion of the relay member 434 and to 
the side face of the base member 432, respectively, and the 
flat low-speed piezoelectric element 456 is applied to this 

thin plate 455. 

In this variation example, the piezoelectric actuator 
for high-speed drive consists of two parallel sets, and the 
piezoelectric actuator for low-speed drive consists of just 
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one set. The rest of the structure is almost the same as 
that described for Fig. 36, and will therefore not be 
described again. 

The effect with this variation example is 
complementary to that in Fig. 36. That is, the scanning 
range is narrower than in Fig. 36, but an advantage is that 
high-speed scanning can be performed more easily. 

Eleventh Embodiment 

An eleventh embodiment of the present invention will 
now be described through reference to Figs. 39 to 44. 

As shown in Fig. 39, an optical scanning microscope 1 
equipped with the eleventh embodiment of the present 
invention comprises a light source component 2 that 
generates light, an optical transmission component 3 that 
transmits this light, an optical scanning probe device 
(hereinafter referred to simply as optical scanning probe 
or optical probe) 4 that is formed slender enough to be 
inserted into a body cavity or the like and that shines the 
light coming from the optical transmission component 3 from 
its tip toward the examination site and guides the return 
light thereof back to the optical transmission component 3, 
and a control component 5 that detects the return light 
coming from the optical probe 4 through the optical 
transmission component 3 and performs signal processing for 
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imaging, control over optical scanning means provided in 
the optical probe 4, and so forth. 

The light source component 2 is , for example, a laser 
oscillation device that outputs laser light. This laser 
light will be suited to cell observation if it is from an 
argon laser with a wavelength of 488 mm. 

The optical transmission component 3 comprises optical 
transmission fibers (hereinafter referred to merely as 
fibers) 6a, 6b, 6c, and 6d and a four-terminal coupler 7 
that branches these fibers in two directions and performs 
photocoupling. The fibers 6a, 6b, 6c, and 6d are single 
mode fibers . 

The end of the fiber 6a is connected to the light 
source component 2, the end of the fiber 6c is connected to 
the control component 5, and the end of the fiber 6d is 
connected to (blocked off by) a non-reflecting device or 
the like. 

The fiber 6b is long and slender, passing through the 
inside of the flexible tube 8, for example, that 
constitutes the sheath of the optical probe 4, and being 
guided to the tip component 9. This optical probe 4 can 
also be inserted into an instrument channel of an endoscope 
and inserted into a body cavity, for example. 

The light source component 2, the optical transmission 
component 3, and the control component 5 constitute an 
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observation device connected to the optical probe 4. The 
reflected light from the examination site resulting from 
the optical scanning of the optical probe 4 is detected and 
guided to the observation device, this light is imaged by 
the control component 5 (discussed below) within the 
observation device, and a confocal type of microscope image 
featuring optical scanning is displayed by a displayed 
means • 

As shown in Fig. 40, the tip component 9 comprises the 
rigid, annular optical frame 10 attached at one end to the 
distal end of the tube 8, an optical unit 11A attached to 
the inside of this optical frame 10, and a tip cover unit 
12 (transparent and rigid) that serves as a transparent 
window member that is pressed against the examination site, 
and that is attached to the distal end of the optical frame 
10 via a piezoelectric element 28 (discussed below). 

The tip of the slender optical fiber 6b inserted into 
the tube 8 is fixed to the optical unit 11A, the light 
emitted from the tip of this optical fiber 6b is condensed 
and directed at the examination site via an optical 
scanning mechanism (scanner), and the reflected light 
(return light) from the examination site is received by 
this optical fiber 6b. 

The optical unit 11A portion shown in the cross 
section of Fig. 40 is shown in detail in the perspective 
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view of Fig. 41. This optical unit 11A is structured as 
follows . 

The base 14 of the optical unit 11A is fixed to the 
optical frame 10. The base 14 is designed to be heavier 
than the lens holder 17 and object lens 18 (discussed 
below) so that it will stay in place better. The tip end 
of the optical fiber 6b is inserted in a center hole of the 
base 14, and the part of the optical fiber 6b near the tip 
that is press-fitted to the inner wall of the hole in the 
base 14 is fixed. 

Two sets of parallel thin plates 15a, 15b, 15c, and 
15d are fixed at the rear end to the base 14. More 
specifically, the thin plates 15a and 15c and the thin 
plates 15b and 15d, which constitute parallel flat springs, 
are parallel to each other in their plate planes, 
respectively, the thin plate 15a (or 15c) is disposed such 
that its plate plane is perpendicular to that of the thin 
plate 15b (or 15d), the rear end of each plate is fixed to 
the base 14, and the distal end (as opposed to the rear 
end) is capable of elastic deformation up and down and to 
the left and right. 

Each thin plate 15i (i=a, b, c, ord) has mounted to 
it, at a location near the front of the thin plate 15i, a 
piezoelectric element 16i (16d is not shown) in the form of 
a plate polarized in the thickness direction. Each 
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piezoelectric element 16i is a unimorph piezoelectric 
element. The electrodes on either side of each 
piezoelectric element 16i are each connected to cables 19 
(see Fig. 39) for driving these piezoelectric elements 16i, 
and are connected through the inside of the tube 8 to the 
(drive means of the) control component 5. 

The lens holder 17 is adhesively fixed to the distal 
ends of the four thin plates 15i, and to this lens holder 
17 are fixed the object lens 18 (which serves as a 
condensing optical system) and the tip component of the 
optical fiber 6b (which serves as a light transmission 
means), that is, the optical fiber tip 20. This lens 
holder 17 has a frame for attaching the object lens 18, and 
a frame extension that extends conically from this frame 
toward the rear, and the optical fiber tip 20 is fixed by 
being press-fitted into a small hole provided at the apex 
of this frame extension, which is located on the optical 
axis O of the object lens 18 (the optical fiber tip 
component (optical fiber end component) 20 is disposed on 
the optical axis O of the object lens 18). 

When a drive signal is applied to the piezoelectric 
element 16i, the combination of the plate-shaped 
piezoelectric element 16i and the thin plate 15i deforms 
such that the tip end thereof bends perpendicularly to the 
plate plane with respect to the rear end, the lens holder 
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17 held at the tip is designed to be able to move in the 
direction of the bending caused by this deformation/ and 
the object lens 18 and the optical fiber tip 20 held by the 
lens holder 17 both move, allowing the emitted light to be 
scanned. 

Here, the spreading emitted light is condensed by the 
object lens 18 using the extremely slender optical fiber 
tip 20 as the focal point, with the light being emitted so 
as to be focused at the position of a focal point 21 on the 
examination site side. 

The focal point 21 is scanned in the horizontal 
direction (X direction) 22 and the vertical direction (Y 
direction) 2 3 in Fig. 40 by driving the piezoelectric 
elements 16a, 16b, 16c, and 16d, allowing the scanning 
plane 24 including the focal point 21 to be scanned. This 
scanning plane 24 is substantially perpendicular to the 
axial direction of the optical probe 4 . 

The object lens 18 is one with a numerical aperture of 
at least 0.3, for example. 

Meanwhile, the tip cover unit 12 consists of a cover 
holder 2 5 and a cover glass 2 6 fixed to this cover holder 
25. The cover holder 25 is fixed to the distal end of the 
optical frame 10. The construction here is such that the 
probe tip component is sealed. 

Fig. 42 illustrates the control component 5. 
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The control component 5 comprises a laser drive 
circuit 31 for driving the laser of the light source 
component 2, an X drive circuit 32 for driving the 
piezoelectric elements 16b and 16d, a Y drive circuit 33 
for driving the piezoelectric elements 16a and 16c, a 
photodetector 34 with a built-in amplifier for subjecting 
the output light from the optical fiber 6c to photo- 
electrical conversion, an image processing circuit 35 for 
performing image processing on the output signal from the 
photodetector 34, a monitor 36 for displaying a microscope 
image using reflected light from the scanning of the 
scanning plane 24 by input of a video signal produced by 
the image processing circuit 35, and a recording device 37 
for recording the video signal produced by the image 
processing circuit 35. The internal connections of the 
control component 5 are as shown in Fig. 42. 

The laser drive circuit 31 is connected to the light 
source component 2 by a cable 38. The X drive circuit 32 
is connected to the piezoelectric elements 16b and 16d via 
a cable 19, and the Y drive circuit 33 is connected to the 
piezoelectric elements 16a and 16c via another cable 19. 

When the piezoelectric elements 16b and 16d are driven 
at high speed by the X drive circuit 32 via the cable 19, 
and the piezoelectric elements 16a and 16c are driven 
slowly by the Y drive circuit 33 via the other cable 19, 



78 



0*w if~t/ fp"*" **•*« >'-W p a 

» .^ ,r to . JL, 1 Hh 



u to o to o jl 



the scanning plane 24 is two-dimensionally scanned as shown 
in Fig. 43. 

For instance, the scanning range in the X direction 22 
can be increased by increasing the amplitude of the voltage 
driving the piezoelectric elements 16b and 16d, and the 
scanning range in the Y direction 23 can be increased by 
increasing the amplitude of the voltage driving the 
piezoelectric elements 16a and 16c , so the desired scanning 
range can be obtained with ease. 

Fig. 44 illustrates the use of the optical probe 4 
combined with an endoscope. The endoscope tip component 4 0 
is provided with an endoscopic object lens 41, a nozzle 42 
for washing the object lens, a light guide 43, and a 
forceps channel 44. This optical probe 4 is used by being 
inserted into the forceps channel 44 as in Fig. 44. A 
balloon 45 is provided to the outer surface toward the rear 
of the tip component 9 of the probe 4, an air tube (not 
shown) is connected, and a syringe (not shown) is connected 
to the air tube. 

With this embodiment, light from the light source 
component 2 is transmitted by the slender optical fiber 6b 
inserted in the optical probe 4 to the tip of this fiber, 
and is directed at the examination site by the object lens 
18 serving as a condensing optical system fixed (supported) 
along with the tip face by the lens holder 17 (serving as a 
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fixing or supporting means). Here, the lens holder 17 is 
scanned at high speed in the horizontal direction by 
applying a sine wave as an AC signal to the piezoelectric 
elements 16b and 16d that make up the scanning means, and 
light is also scanned in the vertical direction by applying 
a low-frequency triangular wave to the piezoelectric 
elements 16a and 16c, the result being that reflected light 
is obtained from the focal point position, and a scanning 
image is obtained. 

With this structure in which the lens holder 17 
supporting the tip face of the optical fiber 6b and the 
object lens 18 is moved by a scanning means (drive means), 
the desired scanning range can be covered, there is no need 
for a special object lens 18, allowing the lens design to 
be simple, and resolution can be increased by raising the 
numerical aperture. 

The operation of this embodiment will now be described. 
First, the syringe (not shown) is used to inflate the 
balloon 45 in order to fix the tip component 9 of the 
optical probe 4 with respect to the endoscope tip component 
40. The tip component 9 is then pressed against the area 
to be examined. The image of the examination site here is 
not very blurry because the tip component 9 is fixed. 

The light source component 2 driven by the laser drive 
circuit 31 emits laser light that is incident on the 
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optical fiber 6a. This laser light is split in two by the 
four-terminal coupler 7, one of the beams is guided to the 
blocked-off end, and the other beam is guided through the 
optical fiber 6b to the tip component 9 of the optical 
probe 4 . 

This laser light is spread out a*fd emitted such that 
the optical fiber tip 20 is the»*6cal point, after which it 
is condensed by the object l^ns 18, then passes through the 
cover glass 22, after wh^ch it reaches the focal point 21 
at the examination si/e . The light reflected from the 
focal point 21 travels the same optical path as the 
incident light/f and is again incident on the fiber at the 
optical fi^er tip 20. In other words, the optical fiber 
tip 20ya^id the focal point 21 of the examination site are 
in a/confocal relationship with respect to the object lens 

The reflected light that is not at this focal point 21 
cannot travel the same optical path as the incident light, 
and therefore virtually none of it is incident on the fiber 
of the optical fiber tip 20. Therefore, the optical probe 
4 forms a confocal optical system. 

The piezoelectric elements* 16b and 16d are driven by 
the X drive circuit 32 of Irtfe control component 3 in this 
state. The operation of the piezoelectric elements 16i 
will be described hiere. 
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The thickness of the piezoelectric elements 16i 
changes when voltage is applied to them. The thickness 
increases when a positive voltage is applied to the 
piezoelectric elements 16i, which is accompanied by 
contraction of the piezoelectric elements 16i in the 
lengthwise direction. Because the piezoelectric elements 
16i are bonded to thin plates 15i whose length does not 
change at this point, there is an overall deformation 
involving curvature toward the piezoelectric elements 16i. 

Conversely, the thickness decreases when a negative 
voltage is applied to the piezoelectric elements 16i, which 
is accompanied by expansion of the piezoelectric elements 
16i in the lengthwise direction. Because the piezoelectric 
elements 16i are bonded to thin plates 15i whose length 
does not change, there is an overall deformation involving 
curvature toward the thin plates 15i. If drive signals of 
different polarity are applied to the two opposing 
piezoelectric elements 16b and 16d such that one is 
deformed toward the piezoelectric element and one toward 
the thin plate, these piezoelectric elements will be 
deformed in the same direction as the horizontal direction 
22. 

When alternating current of opposite polarity is 
applied to the piezoelectric elements 16b and 16d, the lens 
holder 17 vibrates, this causes the object lens 18 and the 
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optical fiber tip 20 to move, and the position of the focal 
point 21 of the laser light is scanned in the X direction 
22 of the scanning plane 24 (perpendicular to the paper 

plane in Fig. 40) . 

In this case, significant displacement results from 
driving this system at a resonant frequency. Just as with 
the X drive, the position of the focal point 21 of the 
laser light is scanned in the Y direction 2 3 of the 
scanning plane 24 by the Y drive circuit 33. Here, the 
frequency of vibration in the Y direction is made 
sufficiently slower than the frequency of scanning in the X 
direction, the result of which is that the focal point is 
scanned over the scanning plane 24 as shown in Fig. 4 3 from 
top to bottom (Y direction) while vibrating at high speed 
in the horizontal direction. Along with this, the 
reflected light at the various points of the scanning plane 
24 is transmitted by the optical fiber 6b. 

The light incident on the optical fiber 6b is split in 
two by the four-terminal coupler 7, guided through the 
fiber 6c to the photodetector 34 of the control component 5 
and detected by the photodetector 34. Here, the 
photodetector 34 outputs an electrical signal corresponding 
to the intensity of the incident light, and this signal is 
amplified by a built-in amplifier (not shown). 
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This signal is sent to the image processing circuit 35. 
The image processing circuit 35 refers to the drive 
waveforms of the X drive circuit 32 and the Y drive circuit 
33 to calculate the focal point position corresponding to 
the signal output, further calculates the intensity of the 
reflected light at this point, and repeats this procedure 
to image the reflected light of the scanning plane 24. 
This result is temporarily stored as image data in the 
image memory of the image processing circuit 35, this image 
data is read out in synchronization with a synchronization 
signal, and a two-dimensional image of the reflected light 
intensity of the focal point position when the scanning 
plane 24 is scanned is displayed on the monitor 36. If 
needed, the image data is recorded in the recording device 
37. 

A single mode fiber was used as an example in this 
embodiment, but this embodiment is not limited to such use, 
and a multi-mode fiber that performs the same role may be 
used instead. 

Also, the piezoelectric elements are not limited to a 
unimorph type, and a bimorph type may be used instead. 

This embodiment has the following effects. 

Since the optical fiber tip 20 and the object lens 18 
are driven together, the optical system is simple, and a 
high-performance optical system can be realized with ease. 
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To describe this in more specific terms, because both 
the optical fiber tip 2 0 and the objaeft lens 17 are driven 
together, rather than either one Joeing driven alone, there 
is almost no change in the relationship of the two when 
they are being driven and i/ifot being driven, and this solves 
the problem encountered with prior art of the difficulty in 
designing a lens whach focused when just one of these 
components was driven. In other words, the object lens 18 
is easier toyaesign. Alternatively, no special lens system 
need be used. 

As discussed above, the positional relationship 
between the optical fiber tip 20 and the object lens 18 is 
maintained such that it is virtually unaffected by the 
drive state, so if the system is designed such that the 
light emitted from the optical fiber tip 20 disposed at the 
focal point position of the object lens 18 on the optical 
axis 0 thereof can be efficiently condensed by the object 
lens 18, then this relationship will be maintained even 
when the components are driven, and a high-resolution 
scanning image can be obtained. 

In contrast, with prior art in which just one 
component was driven, the positional relationship between 
the optical fiber tip 2 0 and the object lens varied with 
the drive state, so it was difficult of the light emitted 
from the optical fiber tip 2 0 to be effectively used by the 
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object lens (that is, the situation was substantially the 
same as when the aperture is small), and resolution 
decreased. 

Also, with this embodiment, an image of higher 
resolution can be obtained by increasing the aperture of 
the object lens 18. 

Further, the scanning range in the X direction can be 
increased by driving at a resonant frequency in the 
direction in which the drive is high speed, such as the X 
direction. 

Twelfth Embodiment 

A twelfth embodiment of the present invention will now 
be described through reference to Figs. 45 and 46. 

This embodiment differs from the eleventh embodiment 
only in part of the structure of the optical unit 11B 
provided to the tip component 9. Therefore, those 
components that are the same as in the eleventh embodiment 
are labeled the same and will not be described again. 

Again in this embodiment, the optical frame 10 is 
fixed to the tube 8, and the base 14 of the optical unit 
11B is fixed to this optical frame 10. The portion of the 
optical fiber 6b toward the tip is fixed to this base 14. 
Two parallel thin plates 52a and 52b are also fixed to this 
base 14. 
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Piezoelectric elements 53a and 53b are bonded to the 
thin plates 52a and 52b, respectively, at positions near 
the tips thereof. (The piezoelectric element 53b provided 
to the thin plate 52b is on the other side and cannot be 
seen in Fig. 7.) The distal ends of the thin plates 52a 
and 52b are fixed to a middle member 54. 

The rear ends of two parallel thin plates 54a and 54b 
are fixed to the top and bottom of this middle member 54. 
Piezoelectric elements 55a and 55b are bonded to the thin 
plates 54a and 54b at positions near the tips thereof. 

The same lens holder 17 as in the first embodiment is 
fixed to the distal ends of the thin plates 54a and 54b, 
and the object lens 18 and optical fiber tip 20 are fixed 
to the lens holder 17. 

The piezoelectric elements 53a and 53b are connected 
to the X drive circuit 32 via cables 19, and the 
piezoelectric elements 55a and 55b are connected to the Y 
drive circuit 33 via cables 19. 

In this embodiment, the scanning means scanned in the 
X and Y directions are longitudinally (serially) connected 
in the lengthwise direction of the optical probe. 

The operation of this embodiment will now be described. 

The piezoelectric elements 53a and 53b are driven by 
the X drive circuit 32, and the focal point 21 is moved in 
the X direction 22. 
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The piezoelectric elements 55a and 55b are driven by 
the Y drive circuit 33, and the focal point 21 is moved in 
the Y direction 23. 

This drive may be performed at the resonant frequency 
of the system. Everything else is the same as in the 
eleventh embodiment, and will therefore not be described 
again. 

This embodiment has the following effects. 

Thin plates for moving the focal point 21 are provided 
independently in the X and Y directions, so they do not 
interfere with each other in their operation, and the focal 
point 21 can be moved farther than in the eleventh 
embodiment . 

The rest of the effects are the same as in the 
eleventh embodiment . 

A variation example of the twelfth embodiment will now 
be described . 

The thin plate 52b and the piezoelectric element 53b 
in the twelfth embodiment are eliminated, but the rest of 
the structure and operation is the same, and will therefore 
not be described again. 

This variation example has the following effects. 

Because drive in the X direction is changed from a 
dual to a single parallel plate structure, greater 
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displacement is possible, and a wider scanning image is 



Also, since the resonant frequency in the X direction 
can be lowered, a differential can be obtained in the 
resonant frequencies in the X and Y directions, which 
reduces the effect that scanning in one direction has on 
scanning in the other direction. 

Thirteenth Embodiment 

A thirteenth embodiment of the present invention will 
now be described through reference to Fig. 47. Fig. 47 
illustrates an optical unit 11C in the thirteenth 
embodiment. 

The structure and operation in this embodiment are the 
same as in the eleventh embodiment, except that the thin 
plates 15a, 15b, 15c, and 15d are replaced with thin plates 
60a, 60b, 60c, and 60d in a V- or W-shape as shown in Fig. 
47, and therefore will not be described again. 

This embodiment has the following effect. 

The focal point can be moved farther more easily than 
in the eleventh embodiment, allowing an image to be 
obtained over a wider scanning range. 

Fourteenth Embodiment 



obtained by scanning over a wider range. 
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A fourteenth embodiment of the present invention will 
now be described through reference to Figs. 48 and 49. 

The only difference between this embodiment and the 
eleventh embodiment is the optical unit 11D of the tip 
component 9. (Those components that are the same as in the 
eleventh embodiment are labeled the same and will not be 
described again. ) 

Again in this embodiment, the optical frame 10 to 
which the optical unit 11D is attached is fixed to the tube 
8. 

A base 71 of the optical unit is fixed to the optical 
frame 10. The distal end of a tube 72 is bonded to the 
base 71. The opposite end of the tube 72 is connected to a 
pneumatic device (not shown). 

A movable carriage 73 disposed ahead of the base 71 in 
the optical frame 10 is slidably attached to the base 71. 
An 0-ring 74 is provided to the movable carriage 73 to make 
it airtight. Compressed air is injected (pumped) from and 
drawn back into the pneumatic device via the tube 72, which 
allows the movable carriage 73 to move back and forth as 
indicated by 85 in the figure. 

Fig. 49 is a detail view of the area around the 
movable carriage 73. 

A cylindrical piezoelectric element 75 is provided to 
the movable carriage 73. Four electrodes 76a, 76b, 76c, 
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and 76d are provided to this cylindrical piezoelectric 
element 75 so as to divide up the periphery into four parts, 
and an electrode 7 6e is provided to the inner surface of 
the piezoelectric element 75. The electrodes are connected 
to the control component 5 via cables 19. 

A lens frame 77 is fixed to the distal end of the 
cylindrical piezoelectric element 75, and an object lens 78 
and an optical fiber tip 79 are fixed to the lens frame 77. 
The optical fiber 6b is fixed at the sections where it is 
in contact with holes in the movable carriage 7 3 and the 
base 71 as shown in Fig. 48. The optical fiber 6b is 
looped or otherwise given play in a space 8 0 between the 
base 71 and the movable carriage 73. 

Rubber cushions 81a, 81b, 81c, and 81d are provided to 
the optical frame 10 at four places (81b and 81d are not 
shown). These are designed so that the piezoelectric 
element 75 will hit the rubber cushions 81i when it is 
driven far enough that it reaches its stroke limit. The 
rubber cushions 81i are provided at positions facing the 
distal end of the piezoelectric element 75. 

The operation of this embodiment will now be described. 
In the X drive circuit 32, the electrode 76c on the 
inner surface is grounded, and when alternating current of 
opposite polarity is applied to the electrodes 76b and 76d, 
the cylindrical piezoelectric element 75 vibrates and turns 



91 



in the X direction (because the electrode 7 6d portion 
contracts when the electrode 76b portion expands, and the 
electrode 76b portion contracts when the electrode 76d 
portion expands). This causes the focal point 21 to 
vibrate in the X direction 82 direction. 

Similarly , in the Y drive circuit 33, the electrode 
76c on the inner surface is grounded, and when voltage is 
applied to the electrodes 76a and 7 6c, the cylindrical 
piezoelectric element 75 vibrates in the Y direction 83, 
causing the focal point 21 also to vibrate in the Y 
direction 83. 

This drive may be performed at the resonant frequency 
of the system. 

Otherwise, scanning is performed in the same manner as 
in the eleventh embodiment. 

The movable carriage 73 can be moved in the axial 
direction 85 of the optical frame 10 by using the pneumatic 
device (not shown) to inject air into or draw it from the 
space 80 via the tube 72. 

Along with this, the focal point 21 can be moved in 
the Z direction 84 of the axial direction 85. As a result, 
moving the focal point 21 in the Z direction 84 allows 
images to be obtained at planes of different depth. Also, 
if these functions are combined, images can be obtained not 
only at planes perpendicular to the axis of the probe, but 
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also cross sections perpendicular to the axis of the probe, 
and even cross sections in the diagonal direction. 

Even if too much voltage is applied to the 
piezoelectric element 75, or if the probe is subjected to 
an impact, the piezoelectric element 75 will hit the rubber 
cushions 81a, 81b, 81c, and 8 Id, and the impact will be 
absorbed, making it less likely that the piezoelectric 
element 75 will be damaged. These rubber cushions 81a, 81b, 
81c, and 81d may also be provided on the piezoelectric 
element 75 side. 

This embodiment has the following effects . 

The structure of the scanning means is simpler than in 
the eleventh embodiment. 

Also, since there is a function for moving the focal 
point 21 in the axial direction of the probe, images of 
various cross sections can be obtained. 

Also, since cushioning members are provided at the 
stroke end of the piezoelectric element 75, the 
piezoelectric element 75 is less prone to damage. 

Fifteenth Embodiment 

A fifteenth embodiment of the present invention will 
now be described through reference to Figs. 50 to 53. 

Only the portions that are different from the eleventh 
embodiment are discussed. Those portions that are the same 
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as in the eleventh embodiment are labeled the same and will 
not be described again. 

The optical scanning microscope IB shown in Fig. 50 
comprises the light source component 2, the optical 
transmission component 3, the optical probe 4, and the 
control component 5, just as in the eleventh embodiment. 

The light source component 2 consists of a laser 
oscillation device, and the optical transmission component 
3 comprises optical transmission fibers 90a, 90b, 90c, and 
90d and a four- terminal coupler 91 that branches these 
fibers in two directions. The fibers 90a, 90b, 90c, and 
90d are polarization plane-preserving fibers, in which the 
plane of polarization is preserved. 

The fiber 90a is connected to the light source 
component 2, while the fiber 90c is connected to the 
control component 5. The fiber 90d is blocked off. 

The fiber 90b is long and slender, passing through the 
inside of the flexible tube 8 of the optical probe 4, and 
being guided to the tip component 9 . 

A polarizing plate 92 is disposed in front of a laser 
light source 2a that constitutes the light source component 
2. The light transmitted by the optical fiber 90c is also 
inputted to the control component 5 via a polarizing plate 
93. 
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The polarizing plates 92 and 93 are disposed such that 
their polarization planes are at right angles to each other 

(crossed Nicol state). 

Fig. 51 shows the construction of the tip component 9. 
in this tip component 9, the optical frame 10 is fixed to 
the distal end of the tube 8, and an optical unit 11E is 
attached on the inside of this optical frame 10. Fig. 52 
is a perspective view of the optical unit HE. 

The base 95 of the optical unit HE is fixed to the 
optical frame 10. The rear ends of four linear members, 
and more specifically, four wires 96a, 96b, 96c, and 96d, 
are adhesively fixed to the base 95. A lens frame 97 is 
fixed to the distal ends of the four wires 96i. 

Four coils 98a, 98b, 98c, and 98d that function as 
voice coils are bonded to this lens frame 97. More 
specifically, the coils 98a, 98b, 98c, and 98d are bonded 
above and below and to the left and right of the lens frame 
97. 

Although not shown, the coil 98d is on the other side 
from the coil 98b. These coils are connected to the 
control component 5 via cables 19. 

An object lens 99 is fixed to the lens frame 97. Also, 
four sets of permanent magnets 102a, 102b, 102c, and 102d 
are adhesively fixed to the optical frame 10 such that they 
are facing the coils 98a, 98b, 98c, and 98d, respectively. 
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Fig. 53 is a cross section of the permanent magnet portion. 
The poles of the permanent magnets 102i are arranged as 
shown. 

A wavelength plate holder 100 is fixed to the optical 
frame 10, and a quarter-wavelength plate 101 is fixed to 
the wavelength plate holder 100. 

The operation of this embodiment will now be described. 
Laser light is transmitted by th€ polarizing plate 92 
to the optical fiber 90a, but onl/light having a specific 
polarization plane is transmi^ed, and part of this light 
is transmitted to the opt^al fiber 90b. Because these 
fibers are polarization/plane-preserving fibers, the 
orientation of the polarization is maintained. This light 
is emitted from t^tip face 103 of the fiber 10b. 

This light is focused at a focal Mint 104 by the 
condensing function of the object 1b/ 99. From this focal 
point 104, the light travels the sfcme optical path and is 
incident on the tip face 113 o/the optical fiber 90b, but 
when it passes twice through/the quarter-wavelength plate 
101, it becomes light having a polarization plane that is 
perpendicular to that g/ the light emitted from the fiber. 

This light is split by the four-terminal coupler 91 
and transmitted to the control component 5 through the 
optical fiber 90c, but only the light whose polarization 
direction matches that of the polarizing plate 93 can be 
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transmitted by the polarizing plate 93. Thus, only the 
signal from the focal point 104 is detected, whereas the 
polarization plane of the reflected light from the optical 
fiber tip face 113 and so on does not match, so this light 
is not transmitted to the control component 5. 

in the X drive circuit 32, current crosses the 
magnetic field when current flows to the coils 98a and 98c, 
so electromagnetic force, and more specifically, Lorentz • s 
force, comes into play. This force acts in the horizontal 
direction (X direction) 105 shown in Fig. 51 or 53 and is 
accompanied by deformation of the wires 96a, 96b, 96c, and 
96d, which moves the lens frame 97 in the horizontal 

direction 105. 

This causes the focal point 104 to move in the 
horizontal direction 105 as well. Here, the focal point 
104 can be vibrated in the horizontal direction 105 by 
applying alternating current to the coils 98a and 98c. 

This drive may be performed at the resonant frequency 

of the system. 

Similarly, in the Y drive circuit 33, current flows to 
the coils 102b and 102d and causes the focal point 104 to 
vibrate in the vertical direction (Y direction) 106. 

Otherwise, scanning is performed in the same manner as 
in the eleventh embodiment. 

This embodiment has the following effects. 
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The scanning means can operate over a wider range than 
in the eleventh embodiment. 

Also, since polarizing plates are used so that light 
outside of the focal point tends not to be detected, just 
the signal can be detected at good sensitivity, allowing an 
image with a good S/N ratio, that is good quality, to be 
obtained • 

Embodiments in which the various embodiments given 
above are partially or otherwise combined are also included 
in the present invention. 
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